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Executive Summary

Introduction
The former Naval Ammunition Support Detachment (NASD) property, located on Vieques
Island, Puerto Rico, was transferred to the Municipality of Vieques and the U.S. Department
of Interior (DOI) on April 30, 2001. As part of the transfer, seven Solid Waste Management
Units (SWMUs) and ten Areas of Concern (AOCs) were investigated through the U.S.
Environmental Protection Agency’s (EPA) Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) process. Figure ES-1 shows the former NASD
and the sites.

Expanded Preliminary Assessment/Site Investigations (PA/SIs) were conducted in two
phases at these 17 sites, which are located within the former NASD, to characterize the site
soils, groundwater, sediment, and surface water for possible hazardous waste releases. If
the risk-based evaluation of the data collected during the two phases of the PA/SI indicated
that a site’s conditions do not present human health or ecological concerns, then the site was
recommended for No Further Action (NFA). Of the 17 sites investigated, eight sites were
recommended for a Remedial Investigation/Feasibility Study (RI/FS), and nine sites were
recommended for NFA. Details of the previously conducted studies can be found in the
Final Expanded Preliminary Assessment/Site Investigation Report, U.S. NASD, Vieques Island,
Puerto Rico (CH2M HILL, October 2000) and the Final Expanded Preliminary Assessment/Site
Investigation Report, Phase II, U.S. NASD, Vieques Island, Puerto Rico (CH2M HILL, November
2002). This NFA report includes a risk assessment for only the sites that were determined
not to present excessive risks due to site contamination. The remaining eight sites were
included for further evaluation according to the risk management process, which is
presented in Figure ES-2. The following nine sites are recommended for NFA and are the
focus of this report:

• SWMU 05 ― Former IRFNA/MAF-4 Disposal Site (Section 2.0)
• SWMU 10 ― Former Waste Paint and Solvents Disposal Ground (Section 3.0)
• SWMU 14 ― Former Wash Rack (Section 4.0)
• SWMU 15 ― Former Waste Transportation Vehicle Parking Area (Section 5.0)
• AOC B ― Former Wastewater Treatment Plant (WWTP) (Section 6.0)
• AOC C ― Drainage Ditch at Former Transportation Shop (Section 7.0)
• AOC F ― Former UIC Septic Tank (Section 8.0)
• AOC K ― Former Water Well (Section 9.0)
• AOC L ― Abandoned Septic Tank (Section 10.0)

Purpose of the NFA Report
The purpose of this NFA report is to present the supporting documentation that led to the
recommended NFA status for the nine sites located within the former NASD. As part of the
NFA documentation for each site, a brief site history and an evaluation of the previous
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investigations is presented in the site-specific decision summaries (Sections 2.0 through
10.0). The analytical results of the samples collected to date are included to demonstrate that
the nature and extent of chemical concentrations at each NFA site have been sufficiently
characterized. In addition, this report presents risk assessments for each site, which were not
presented in the Expanded PA/SI Reports. In accordance with the latest guidance on
background evaluations, no chemicals were eliminated from risk estimations, even if they
were detected at similar concentrations to background levels. Each site-specific decision
summary presents a comparison of the chemicals detected in the background with the site
concentrations; a site disposition recommendation is then made based upon whether a
chemical is present at the site due to background conditions or not. This draft final NFA
report document was revised according to the comments received by the Atlantic Division
of the Navy (LANTDIV), from EPA Region 2, and the Puerto Rico Environmental Quality
Board (PREQB) on the draft version of the document (Draft NFA Report for Nine Sites, Former
NASD, Vieques Island, Puerto Rico [CH2M HILL, November 2002]).

Based on the comments received from EPA and PREQB, this draft final report was revised
to include a revised risk assessment according to the RAGS Part D Guidance, and to update
all the screening criteria to 2002 PRGs and MCLs. Additionally, Section 1.0 includes a
summary of the past studies that reported the absence of UXO/OE items within the Public
Works Area where eight of the nine NFA site were located. A summary of the sampling and
analysis and the data quality evaluation (DQE) conducted as part of the past two phases of
the PA/SIs was also included in this revised report. EPA, PREQB, and DOI requested that a
sitewide groundwater evaluation be included as part of this report, which is provided in
Section 11.0. Each site-specific decision summary section also includes a summary of
ecological survey and impact assessment conducted during the two phases of the expanded
PA/SI.

Risk-Based Criteria Screening Procedure
An ecological survey and qualitative impacts assessment was previously conducted and
documented in the Expanded PA/SI Reports. A summary of the survey findings are
included in each site-specific evaluation section. A human health risk assessment was
conducted according to the EPA and PREQB recommendations, and formatted according to
EPA RAGS Part D guidance.

Data Analysis and COPC Selection
The screening evaluation of the data for each site is based on validated analytical results
obtained from previous investigations conducted from April through December 2000. For
the first Expanded PA/SI Report (i.e., Phase I) (CH2M HILL, October 2000), the analytical
results were screened against EPA Region 3 Risk-Based Criteria (RBCs). For the Final
Expanded PA/SI Report - Phase II (CH2M HILL, November 2002), analytical results were
screened against the EPA Region 9 Preliminary Remediation Goals (PRGs).

The maximum detected concentrations of chemicals at each site were rescreened in this NFA
report by comparing against the most current EPA Region 9 screening criteria for each
matrix: residential and industrial risk-based concentrations (i.e, PRGs) and leachability
criteria for soil (i.e., soil screening levels [SSLs] based on a dilution attenuation factor
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[DAF]=20); tap water PRGs; and drinking water Maximum Contaminant Levels (MCLs) for
groundwater. The PRGs for the noncarcinogenic chemicals were divided by 10 to represent
a hazard index (HI) level of 0.1 for data screening.

Any constituents with concentrations below the PRGs were eliminated. Any constituents
with concentrations above the PRGs were retained as chemicals of potential concern
(COPCs). All identified COPCs were evaluated through a focused human risk evaluation at
each of the nine sites according to EPA’s Risk Assessment Guidance for Superfund; Volume 1,
Human Health Evaluation Manual (Part A) (EPA, 1989) and other relevant EPA guidance. The
screening evaluation results were used to define the nature and extent of soil and
groundwater contamination at each site. Although several of the inorganic chemicals were
detected above the PRGs but below background concentrations, no chemicals were
eliminated based on occurrence in the background, as recommended by the reviewing
agencies and EPA background guidance.

Human Health Risk Assessment
A human health risk assessment was conducted for each of the nine sites at the former
NASD to assess potential human health risks and hazards. This assessment was conducted
according to the procedures and assumptions provided in EPA’s Risk Assessment Guidance
for Superfund; Volume 1, Human Health Evaluation Manual (Part A); all risk estimation tables
were formatted according to the EPA’s Risk Assessment Guidance for Superfund; Volume 1,
Human Health Evaluation Manual (Part D) (EPA, 2001), which is referred to as RAGS Part D in
this document. The detailed risk assessments for each site are provided as Appendix D to
this report, and a summary of the risk assessment is included in the text for each site. The
general approach to the risk assessment is included in Section 1.0, and a detailed risk
assessment and uncertainty discussion were included in Appendix E.

Figure ES-2 shows the risk assessment process, which includes COPC identification, an
exposure assessment, a toxicity assessment, and a risk characterization. Risk assessment
results and background comparisons are used as the basis for the NFA recommendation at
each of the nine sites.

A conceptual site model (CSM) was developed to provide an overview of site conditions
and to identify potential migration pathways, receptors, and exposure routes. This model
serves as the basis for the exposure pathway evaluations in the focused human health risk
assessment. The site-specific CSM is presented at the end of the site-specific decision
summaries.

Exposure Assessment
An exposure assessment was used to evaluate the potential exposure of the site media to the
human receptors, which were identified for each site based on current or anticipated future
land use. The exposure assessment included potential exposure pathways for human
receptors, potential routes of exposure, assumed exposure factors, and estimated exposure
point concentrations (EPCs). The following exposure routes were evaluated: ingestion,
dermal contact, and inhalation. These exposure routes included in Appendix D, which have
been updated according to the review comments from EPA and PREQB. Table ES-1 presents
a list of all the potential receptors identified for various exposure pathways. Based on the
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presence of COPCs in each medium, the corresponding receptor was evaluated using
conservative exposure assumptions. Subsurface soil was evaluated for direct exposure to
future construction workers, and soils up to 10 feet below land surface (ft bls) were used for
exposures during excavation as explained in Section 1.0.

Toxicity Assessment
The human health risk assessment includes a toxicity assessment that contains the toxicity
criteria for use in cancer risk and hazard index estimates. The toxicity criteria were obtained
from the Integrated Risk Information System (IRIS), a database that is available on the
Internet (see References Section 13.0 for website address). Provisional toxicity factors for
chemicals with no values on IRIS were obtained from the EPA Region 2 risk assessor. The
reference doses (RfDs) for non-cancer toxicity end-point based criteria are included in Table
5 of Appendix D of each site, and cancer slope factors and weight of evidence classification
for each of the COPCs identified in the site media are listed in Table 6 of Appendix D for
each site.

Risk Characterization
Information from the exposure and toxicity assessments was integrated to estimate the
potential cancer risks and non-cancer HI according to the EPA guidance. The cumulative
risks and HIs were then compared against the acceptable risk ranges. The conservative
nature of the analysis and uncertainties inherent in the risk assessment were considered
when interpreting results.

While no chemicals were eliminated from the risk calculation based on their occurrence in
background, at the end of the risk assessment a comparison of site inorganic chemical levels
with background levels was made for a risk management decision. Chemicals that occur in
background conditions were included as they attribute risks to a site, even though these
chemicals are not likely to be related to specific activities at a site. Following the EPA’s
recommendation to keep the background chemicals in risk calculations, the site risk
management assessment included the evaluation of the background chemical
concentrations for chemicals that are commonly found in natural soils and groundwater.
The uncertainty analysis included at the end of each site-specific risk assessment section,
and which is presented in Appendix E, qualitatively discusses the uncertainty associated
with the estimated risks.

Summary and Recommendations by Site
Sections 2.0 through 10.0 of this report provide detailed recommendations for each site;
these recommendations are summarized in this section. An areawide risk assessment for the
shallow water table aquifer monitored during site investigations is evaluated as a single
exposure unit as recommended by EPA and PREQB, and is presented in Section 11.0. Table
ES-2 lists the COPCs selected for each site. As can be noted from this table, the majority of
the chemicals identified as COPCs are inorganic chemicals. Table ES-3 summarizes the risks
for the various exposure scenarios.

The cancer risks at all nine sites proposed for NFA in this report were within acceptable
limits. The HI was above the target value of 1.0 from inorganic chemicals in site
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groundwater. The groundwater samples had high turbidity during sampling, and the
dissolved metals measurements from the same wells did not have elevated metals. Only the
total metals were included in the risk and hazard estimations, according to the EPA Region
2 risk assessment guidance for a conservative risk analysis. Where site-specific upgradient
wells were available, the elevated metals in groundwater are also observed in these
upgradient wells. A risk assessment summary in the form of a table is included for each site
included in this report.

SWMU 5 — Former IRFNA/MAF-4 Disposal Site
SWMU 5 is located near Magazine Building 422. In 1975, approximately 7,000 pounds (lbs)
of fuel were emptied from leaking AQM-37A target drones into a low spot in a road near
Building 422. The fuel contained 5,275 lbs of inhibited red fuming nitric acid (IRNFA) and
1,775 lbs of mixed amine fuels (MAF)-4, which were emptied into an intermittent stream. No
COPCs related to the disposal of IRFNA/MAF-4 were identified in surface or subsurface
soil. The only COPC identified at SWMU 5 is benzo[a]pyrene, which is a constituent of
burned oils and asphalt material (this material was not identified as part of the original
spill/release). There is an asphalt-paved road within the site; thus, the COPC could be from
a fuel oil spill/release or from runoff associated with the asphalt road. The risks from
exposure to benzo[a]pyrene were estimated for future maintenance workers, industrial
workers, recreational adults and children, and residential adults and children. All the risks
were well within the acceptable risk limits between 1 and 100 in a million (10-6 to 10-4).
SWMU 5 does not present a health risk to current or future receptors. No COPCs were
identified in subsurface soil, therefore, the exposure pathway for future construction
workers is incomplete.

SWMU 10 — Former Waste Paint and Solvents Disposal Ground
SWMU 10 consists of an area of soil outside the Paint Locker, Building 4001, in the former
Main Operations Area of the former NASD. SWMU 10 was used from the mid-1970s until
approximately 1990. Small quantities (less than 1 gallon) of paints, solvents, and thinners
were allegedly disposed of on the ground outside Building 4001 during this time. Signs
were posted at SWMU 10 to restrict access until the CERCLA process is completed in the
surrounding area.

Five metals (arsenic, manganese, thallium, aluminum, and iron) were selected as COPCs
based on their exceedance of the screening criteria. The cancer risks and health hazard
effects are within acceptable limits for maintenance workers, industrial workers,
recreational receptors, and residential adult exposure. For a residential child, the HI exceeds
the acceptable limit, primarily from iron in surface soils (see Table ES-3); however, the target
organ-specific HI is below a value of 1.0. Iron concentrations in surface soils are within the
range of background concentrations found in the unimpacted soils at the former NASD.
Therefore, any health hazard that may be present in SWMU 10 soils from iron is not specific
to the site.

SWMU 14 — Former Wash Rack
SWMU 14 is immediately west of the former Transportation Shop (Building 2016) in the
Main Operations Area, and was in use from the late 1970s until December 2000. The area is a
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concrete driveway with 4-inch-high curbs on each side and ramps on each end, measuring
approximately 20-ft long by 10-ft wide. The area was used primarily for cleaning Navy
vehicles. The concrete bermed area drained into an oil/water separator (OWS) prior to
discharge to an open ditch. A swale at the end of the unit facilitates the discharge of runoff
water to the ditch, which eventually discharges to the Atlantic Ocean. The OWS associated
with SWMU 14 was removed in December 2000. Field testing of soils for volatiles using
Organic Vapor Meter (OVM) measurements during the removal activities indicated no
evidence of volatile chemical contamination. A chain-link fence and signs were installed
around SWMU 14 and other sites within the proximity, including SWMU 15 and AOC E,
and will remain in place until the CERCLA process is completed for the surrounding area.

The COPCs selected for SWMU 14 are listed in Table ES-2. They include six metals
(aluminum, arsenic, iron, manganese, thallium, and vanadium) in surface soils, one metal
(thallium) in subsurface soil, and arsenic and dieldrin in groundwater. None of these
COPCs appear to be associated with the former vehicle washing activities at SWMU 14. The
cancer risks and health hazard effects are within acceptable limits for maintenance workers,
recreational receptors, and residential adult receptors. Of the two monitoring wells installed
at SWMU 14, one is upgradient of the site, and one is immediately downgradient of the site.
The upgradient well is used for comparison with groundwater for this site and other sites
downgradient of SWMU 14. There are no carcinogenic risks above acceptable limits from
ingestion of site groundwater. The health hazard associated with the ingestion of
groundwater by a residential child is slightly above 1.0; however, no individual target
organ-specific HI exceeded a value of 1.0. Site downgradient well chemicals are well below
inorganic chemicals in the upgradient well levels. This site does not present an excessive
risk or hazard to human health.

SWMU 15 — Former Waste Transportation Vehicle Parking Area
SWMU 15 was a Navy truck storage area located near the former Transportation Shop in the
Main Operations Area. The truck was reported to have contained drums of a waste labeled
as caustic D002 (EPA code for corrosive waste). The drums allegedly contained napalm from
NSRR. The truck contained 55-gallon metal drums and overpacked drums. The waste
drums and transport vehicles were removed from SWMU 15. A chain-link fence and signs
were installed around SWMU 15 and will remain until the CERCLA process is completed
for the surrounding area.

Seven metals (aluminum, arsenic, chromium, iron, manganese, thallium, and vanadium)
and one semivolatile organic compound (SVOC) (benzo[a]pyrene) were selected as COPCs
for surface soil; six metals (aluminum, antimony, chromium, iron, manganese, and
vanadium) were selected as COPCs for groundwater. The cancer risks and health hazard
effects are within acceptable limits for maintenance workers, industrial workers,
recreational receptors, and residential adult receptors. For a residential child, the HI exceeds
the acceptable limit, primarily from iron in surface soils and groundwater. The wells had
high turbidity during sampling, though sampling procedures were conducted according the
EPA protocol. The cancer risks were within the acceptable limits for all the receptors
including maintenance workers, industrial workers, recreational adults and children, and
residential receptors. The non-cancer HIs were also below a target value of 1.0 for all the
receptors, except for residential adults and children. The health hazard effects are above a
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target level of 1.0, due to iron levels in groundwater for future groundwater potable use
from the shallow water table. However, the water table in the shallow aquifer at the site is of
low yield capacity, and the wells ran dry during sampling. Iron concentrations in surface
soils and groundwater are within the range of background concentrations found at the
former NASD. Therefore, any health hazard that may be present in SWMU 15 groundwater
is likely from suspended particle-bound metals. Dissolved metals from these wells were
much lower in concentration, thereby supporting this assumption.

AOC B — Former Wastewater Treatment Plant
AOC B is at the former NASD WWTP in the Main Operations Area. The WWTP, operated
from 1983 until 2000, served as the primary treatment system for municipal discharge from
the former Main Operations Area within the former NASD. The WWTP consisted of one
aeration tank and one separation tank with two blowers to supply air for biological
treatment. The effluent from the WWTP drained into a series of four lagoons, which had no
discharge point.

Six metals (aluminum, arsenic, iron, manganese, thallium, and vanadium) were identified as
COPCs in the surface soil. The cancer risks and health hazard effects are within acceptable
limits for maintenance workers, industrial workers, recreational receptors, and residential
adult receptors. For a residential child, the HI slightly exceeds the target value of 1.0,
primarily from iron in surface soils. However, no single target organ-specific HI was above
1.0. In addition, the iron concentrations in surface soils are within the range of background
soil iron concentrations at the former NASD. Therefore, any health hazards are not specific
to AOC B.

AOC C — Drainage Ditch at the Former Transportation Shop
AOC C is located in the Main Operations Area near the former Transportation Shop.
Located on each side of the entrance road near the shop, two parallel drainage ditches
routinely handled storm water runoff during rain events. An oily sheen was observed in
one of the ditches during a visual site inspection in 1988. Also located in this area is a septic
tank that collects wastewater from one sink inside the former Transportation Shop.

Only metals were selected as COPCs in surface soil (aluminum, arsenic, iron, manganese,
thallium, and vanadium), subsurface soil (aluminum, iron, and thallium), and groundwater
(aluminum, chromium, iron, manganese, and vanadium). The cancer risks and HI values for
these metals are within acceptable limits for maintenance workers, industrial workers,
recreational receptors, and residential adult receptors. For a residential child, the HI exceeds
the acceptable limit, primarily from iron in groundwater. The iron levels in soil and
groundwater at the site are similar to those detected in background. Therefore, any health
hazard that may be present at the site are not specific to the site.

AOC F — Former UIC Septic Tank
AOC F is near the Enlisted Men’s Club in the former Main Operations Area. The septic tank
has a capacity of 1,500 gallons and was closed in 1997. A preliminary investigation in July
1997 detected several metals present at concentrations that exceeded the applicable
screening criteria. This site was further investigated during the Expanded PA/SI.
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Metals selected as COPCs included aluminum, arsenic and iron in subsurface soils and
aluminum, antimony, chromium, iron, manganese, and vanadium in groundwater. The
cancer risks are within acceptable limits for all receptors. HIs are within acceptable limits for
an industrial worker and residential adult receptor. However, the target HI of 1.0 was
exceeded for future potable use under a residential child scenario. The exceedance of the
target HI of 2.0 is due to the presence of aluminum and iron in groundwater. Iron and other
metals are due to suspended soil particles in groundwater samples.

AOC K — Former Water Well
AOC K consists of one 8-inch-diameter well completed to 69 ft bls northeast of the barracks
in the former Main Operations Area. The well was used for potable water supply between
1941 and 1979, but has since been abandoned. The AOC K well was rehabilitated in 1997 as
part of a water well investigation conducted by the U.S. Geological Survey (USGS) at the
former NASD.

Six metals (aluminum, barium, iron, manganese, thallium, and vanadium) were selected as
COPCs for groundwater. The health hazard effects are within acceptable limits for an
industrial worker. There is a slightly elevated HI associated with residential adult exposure
to thallium in groundwater, but it is within the range of acceptable health effects. For a
residential child, the HI exceeds the acceptable limit, primarily from thallium and iron in
groundwater. The thallium levels are highest in the two upgradient wells at the site. Iron
and thallium concentrations in groundwater are within the range of concentrations found
across presumably uncontaminated areas of the former NASD and may be the result of a
widespread presence of this and other inorganic metals in Vieques Island soils. The detected
metals at this site all others is likely due to low-yield, poor quality shallow aquifer water
that is reported to have high turbidity during sampling. Therefore, any health hazard that
may be present in AOC K groundwater from iron or thallium is not likely site-related.

AOC L — Abandoned Septic Tank
AOC L consists of a 25-ft by 40-ft concrete septic vault with separate compartments near the
beach north of the Main Operations Area. It is suspected that the vault was used in 1941 for
treatment and disposal of installation sewage. The vault has been out of service since 1942,
and there are no indications that the vault was used for industrial purposes.

Four metals (aluminum, arsenic, iron, and manganese) were selected as COPCs for surface
soil. The cancer risks and health hazard effects are within acceptable limits for maintenance
workers, industrial workers, recreational receptors, and residential adult receptors. For a
residential child, the HI is equal to the minimum acceptable limit, primarily from iron in
surface soils. However, iron concentrations are within the range of background
concentrations. Therefore, this site does not present an unacceptable risk to human health.

Areawide Groundwater Evaluation – Former Public Works Area
Groundwater samples were collected from certain sites located within the former Public
Works Area. These five sites included SWMU 14, SWMU 15, AOC C, AOC F and AOC K,
where wells had been installed to investigate groundwater. The wells from the five NFA
sites included in the site-specific evaluations in this NFA report are evaluated to determine
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areawide groundwater quality within the former Public Works Area, and also to determine
the potential exposure related risks from potable use of the area groundwater. The shallow
water table in this area is not of adequate production capacity to serve as a potable source,
as observed during well monitoring at different sites during the two phases of PA/SI. Thus,
this evaluation is primarily for comparison purposes, and was added at the request of the
reviewing agencies.

The groundwater in the shallow water table is greater than 40 ft below surface (ft bls). The
shallow aquifer has poor yield; thus; during sampling the groundwater had high turbidity
and often ran dry when sampled (in spite of the 24 hours allowed for stabilization
purposes). The samples were high in suspended material, which includes soil particles. The
high turbidity contributed to the high metals measured in the samples. Because of the high
turbidity noted during field sampling, each sample was also analyzed for dissolved metals,
which were much lower in concentration, and indicated that the measured total metals were
mostly from suspended particles. Only the total metals concentrations were used for the risk
assessment.

The exposure concentrations were mostly the maximum detected concentrations. The cancer
risks from groundwater in the shallow water table are within acceptable limits for industrial
workers and future residential receptors. Metals concentrations detected in shallow
groundwater resulted in hazard indices (His) above acceptable limits for residential adult
and child receptors. The primary contributor, thallium, is from the upgradient wells
(upgradient of AOCK, Former Water Supply Well Area) to the former Public Works Area,
and thus is not specific to any of the sites. The secondary contributor is iron, which is similar
in concentration to the background levels. In addition, detected metals were elevated in
background and site wells due to turbidity in the samples which could not be avoided due
to the nature of low yield aquifer occurring in this area. Observed metals are from
suspended soil particles. Dissolved levels of all the metals are within the acceptable limits.
None of the chemicals from site wells are above the Maximum Contaminant Levels (MCLs).

Conclusions
Based on conservative analysis of the potential for human health risks at each of the nine
sites, there are no risks above acceptable limits. Although some HIs derived were above a
target value of 1.0 from the presence of some of the inorganic chemicals identified in the soil
and groundwater, none of these chemicals are above those detected in background soils and
groundwater. The wells across the former NASD had similar metals concentrations, and
wells were reported to have high turbidity during PA/SI sampling reporting. In fact, these
are the same chemicals identified as COPCs that were also detected at similar concentrations
in background settings. No ecological or human health impacts are identified from historical
activities at these former NASD sites. No further investigation or remedial action for the
soils or groundwater is necessary. Therefore, these nine sites are recommended for NFA and
subsequent closure.



EXECUTIVE SUMMARY

GNV31003851544.DOC/031470030 ES-10

TABLE ES-1
Potentially Complete Exposure Pathways, Media, Routes and Receptors for Various Sites at the Former NASD
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Maintenance Worker Surface Soil Ingestion, dermal contact and inhalation exposure to COPCs in site
surface soils

Industrial Worker Surface Soil and
groundwater

Ingestion, dermal contact and inhalation exposure to COPCs in site
surface soils and groundwater

Construction Worker Subsurface Soil Ingestion, dermal contact and inhalation exposure to COPCs in site
subsurface soils

Recreational Users Surface Soil Ingestion, dermal contact and inhalation exposure to COPCs in site
surface soils

Residents Surface Soil and
groundwater

Ingestion, dermal contact and inhalation exposure to COPCs in site
surface soils and groundwater
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TABLE ES-2
COPCs Selected for Nine NFA Sites
NFA Report for Nine Sites, Former NASD, Vieques Island

Site ID Description COPCs

Unacceptable
Human Health

Risk?
COPCs Above
Background?

SWMU 05 Former IRFNA/MAF-4
Disposal Site

Benzo[a]pyrene No NA

SWMU 10 Former Waste Paint
and Solvents Disposal
Ground

Aluminum, arsenic, chromium, iron,
manganese, and thallium

No No

SWMU 14 Former Wash Rack Aluminum, arsenic, chromium, iron,
manganese, thallium, vanadium, and
dieldrin

No No

SWMU 15 Former Waste
Transportation Vehicle
Parking Area

Aluminum, arsenic, chromium, iron,
manganese, thallium, vanadium, and
benzo(a)pyrene

Yes No

AOC B Former Wastewater
Treatment Plant

Aluminum, arsenic, iron, manganese,
thallium, and vanadium

No No

AOC C Drainage Ditch at
Former Transportation
Shop

Aluminum, arsenic, iron, manganese,
thallium, and vanadium

Yes No

AOC F Former UIC Septic
Tank

Aluminum, antimony, arsenic,
chromium, iron, manganese, and
vanadium

Yes No

AOC K Former Water Well Aluminum, barium, chromium, iron,
manganese, and vanadium

Yes No

AOC L Abandoned Septic
Tank

Aluminum, arsenic, iron, manganese No No

Areawide
Groundwater

Groundwater as Single
Unit in Former Main
Operations Area

Aluminum, antimony, barium,
chromium, iron, manganese, thallium,
vanadium

Yes No

COPC – chemical of potential concern
NA – not applicable/not available
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TABLE ES-3
Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Receptor
Site
Risk SWMU 05 SWMU 10 SWMU 14 SWMU 15 AOC B AOC C AOC F AOC K AOC L

Combined
Groundwater

Maintenance Worker ELCR 8.7E-08 5.2E-07 2.2E-07 3.1E-07 6.0E-08 1.4E-07 NA NA 1.3E-07 NA

HI 0 0.021 0.027 0.025 0.020 0.020 NA NA 0.017 NA

Industrial Worker ELCR 4.2E-07 2.5E-06 1.6E-06 1.5E-06 2.9E-07 6.7E-07 NC NC 6.3E-07 5.6E-07

HI 0 0.10 0.13 0.77 0.088 0.43 1.3 1.5 0.08 1.8

Recreational Adult ELCR 2.2E-07 1.1E-06 4.8E-07 6.9E-07 1.3E-07 3.0E-07 NA NA 2.8E-07 NA

HI 0 0.044 0.057 0.052 0.041 0.041 NA NA 0.035 NA

Recreational Child ELCR 2.9E-07 2.1E-06 9.0E-07 1.2E-06 2.4E-07 5.6E-07 NA NA 5.3E-07 NA

HI 0 0.36 0.47 0.42 0.35 0.35 NA NA 0.30 NA

Construction Worker ELCR NA NC NC NA NC NC NC NA 4.8E-08 NA

HI NA 0.14 0.24 NA 0.25 0.23 0.26 NA 0.17 NA

Residential Adult ELCR 4.6E-07 3.1E-06 2.8E-06 1.8E-06 3.6E-07 8.4E-07 NC NC 7.9E-07 1.5E-06

HI 0 0.14 0.20 2.1 0.13 1.1 3.7 4.3 0.11 5.0

Residential Child ELCR 9.6E-07 7.1E-06 3.9E-06 4.0E-06 8.2E-07 1.9E-06 NC NC 1.8E-06 8.8E-07

HI 0 1.2 1.6 6.0 1.2 3.6 8.7 10.1 1.0 11.9

ELCR = Excess Lifetime Cancer Risk

HI = Hazard Index

NA = Not Applicable NC = No carcinogenic COPCs identified
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Figure ES-2 
Site Risk Management Process for All Sites Identified

NFA Report for Nine Sites
Former NASD, Vieques Island Puerto Rico
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SECTION 1

Introduction

1.1 Site Background
The former Naval Ammunition Support Detachment (NASD) property, located on Vieques
Island, Puerto Rico, was transferred to the Municipality of Vieques and the U.S. Department
of Interior (DOI) on April 30, 2001. As part of the transfer, seven Solid Waste Management
Units (SWMUs) and ten Areas of Concern (AOCs) were investigated through the U.S.
Environmental Protection Agency’s (EPA’s) Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) process. Expanded Preliminary
Assessment/Site Investigations (PA/SIs) were conducted at the former NASD sites to assess
the soils, groundwater, sediment, and surface water for possible hazardous waste releases.
Prior to the transfer of the 17 sites, the Navy imposed land use restrictions at each of the
sites until they could be further evaluated. If the PA/SI sampling results indicated a need,
the site was recommended for further investigation under the Remedial Investigation/
Feasibility Study (RI/FS) process or for interim remedial action. If the risk-based
evaluations of the data collected during the two phases of the PA/SI indicated that a site’s
conditions did not present human health or ecological concerns, then the site was
recommended for No Further Action (NFA). Of the 17 sites investigated, eight sites were
recommended for an RI/FS, and nine sites were recommended for NFA. Further details of
the previously conducted studies can be found in the Final Expanded Preliminary
Assessment/Site Investigation Report, Phase I (CH2M HILL, October 2000) and the Final
Expanded Preliminary Assessment/Site Investigation Report, Phase II, Seven Sites (CH2M HILL,
November 2002). This report includes the nine sites that are recommended for NFA status.

The entire former NASD consists of approximately 8,000 acres along the western third of
Vieques Island. All of the former NASD property, with the exception of approximately 100
acres, was transferred to the DOI, the Municipality of Vieques, and the Puerto Rico
Conservation Trust. Currently, the acreage is owned by the DOI (3,100 acres), the
Municipality of Vieques (4,000 acres), the Navy (100 acres), and the Puerto Rico
Conservation Trust (800 acres). Figure 1-1 shows the location of Vieques Island and the
former NASD. Figure 1-2 shows the former NASD, the location of the current property
owners, and the location of the nine PA/SI sites. Figures 1-3 and 1-4 are aerial photographs
of the SWMUs/AOCs identified for NFA status in this report.

The former NASD was used by the U.S. Navy Atlantic Fleet for storage of munitions
between 1942 and 2000. The activities at the former NASD were directed under the
consolidated command of Commander Fleet Air Caribbean, Naval Forces Caribbean, and
Antilles Defense Command, whose headquarters are at Naval Station Roosevelt Roads
(NSRR). The mission of the former NASD was to receive, store, and issue all ordnance
authorized by NSRR for support of Atlantic Fleet activities.



SECTION 1: INTRODUCTION

GNV31003851546.DOC/031480001 1-2

1.2 Site History
Figure 1-5 presents a timeline summary of the historical uses of the western portion of
Vieques Island, where the former NASD is located. The sugarcane industry was the major
economic base of Vieques Island during the latter part of the 19th century and early 20th

century. Several sugarcane factories, including Arcadia, La Playa Grande, Resolución, and
Santa Elena, were located at or near the former NASD. The sugarcane operations ceased in
the 1940s.

The Navy began using the former NASD in 1941 as a base for Allied fleets during World
War II. Construction of the Mosquito Pier, magazines, and support facilities for an
ammunition storage depot were generally completed by 1943. The former Naval
Ammunition Facility (NAF), which is approximately 1,000 feet to the east of what is now
AOC H, operated until 1948, at which time the ammunition was removed and the NAF was
closed. Drawings obtained during the records search indicated that the main compound at
that time was near the current helicopter pad and approximately 1,000 feet to the east of
AOC H. Record searches, aerial photograph analyses, and interviews conducted during the
Environmental Baseline Survey (EBS) did not indicate any signs of environmental concerns
at this location.

The former NASD was reactivated in 1962 in response to the Cuban missile crisis.
Interviews and aerial photograph analyses indicate that a construction staging area was in
operation from 1962 to 1971 near the current location of Building 401. In 1971, the Main
Operations Area was completed, and all support operations were relocated to that area
(Program Management Company [PMC], October 2000).

Results from a records search and personnel interviews indicate that training for Navy
personnel occurred from 1941 to 1948 and from 1962 to the 1980s. This training was
conducted on the southwest portion of the former NASD, and consisted of beach landings as
well as ambush and assault team practice. This was investigated as part of a separate report
(see the Final Preliminary Ordnance and Explosives Site Assessment Report for the Green Beach
Area U.S. Naval Ammunition Support Detachment, Vieques Island, Puerto Rico [CH2M HILL,
July 2001]). Records indicate that live munitions firing was not conducted as part of this
training.

The following nine sites are recommended for NFA and are the focus of this report:

SWMU/AOC Historical Operation

SWMU 5 Former IRFNA/MAF-4 Disposal Site

SWMU 10 Former Waste Paint and Solvents Disposal Ground

SWMU 14 Former Wash Rack

SWMU 15 Former Waste Transportation Vehicle Parking Area

AOC B Former Wastewater Treatment Plant (WWTP)

AOC C Former Transportation Shop Drainage Ditch

AOC F Former Underground Injection Control (UIC) Septic Tank
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SWMU/AOC Historical Operation

AOC K Former Water Well

AOC L Abandoned Septic Tank

As shown on Figure 1-2, with the exception of SWMU 5, the sites that are proposed for NFA
are located in proximity to each other and are at or near the former NASD Main Operations
Area, which is also referred to as the Public Works Area.

1.3 Purpose of the NFA Report
The purpose of this NFA report is to present the supporting documentation that led to the
recommendation of NFA status for the nine sites located within the former NASD. This
document was developed for the Atlantic Division of the Navy (LANTDIV), and is
reviewed by EPA Region 2 and the Puerto Rico Environmental Quality Board (PREQB). A
document containing the required sections for the Record of Decision (ROD) will be
submitted separately with the appropriate signature sheet.

As part of the documentation for NFA at each site, a brief site history is presented in each
section, and an evaluation of the previous investigations is described. The analytical results
of the samples collected to date were included in the Expanded PA/SI Reports to
demonstrate that the nature and extent of chemical concentrations at each NFA site were
sufficiently characterized. In addition, this NFA report presents the individual risk
assessment conducted for each site, which was not included in the Expanded PA/SI Reports
(CH2M HILL, October 2000 and November 2002).

An ecological survey and qualitative impacts assessment were previously conducted and
documented in the Expanded PA/SI Reports. For these reports, the results from soil and
groundwater data collected from the sites were compared to the most current EPA
screening criteria to determine whether any of the detected chemicals were considered
chemicals of potential concern (COPCs). Human Health Risk Assessments (HHRAs) were
conducted at each of the nine sites for the COPCs that were identified as a result of
screening comparisons. The risk assessments followed the procedures and assumptions
provided in EPA’s Risk Assessment Guidance for Superfund (RAGS), Volume 1, Human Health
Evaluation Manual (Part A) (EPA, 1989) to assess potential human health risks and hazards.
The detailed risk assessments for each site are provided as appendices to this report, and a
summary of the risk assessment is included in the text for each site. All risk assessment
tables were formatted according to the latest RAGS Part D guidance, and are included in
Appendix D of this report.

1.4 Report Organization
This NFA report consists of the following sections:

Section 1 – Introduction. This section provides general background information, the
purpose of the NFA report, information concerning the physical and environmental settings
of the former NASD site, and the risk-based criteria screening procedure.
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Sections 2 through 10 – Site-Specific Decision Summaries. These sections summarize the
nature and extent of contamination, and provide a risk assessment and rationale to support
the NFA decision for each SWMU or AOC.

Section 11 – Areawide Groundwater Evaluation for Former Main Operations Area . This
section includes the groundwater risk assessment for the areawide data collected within the
former Main Operations Area.

Section 12 – Summary and Recommendations by Site. This section summarizes the overall
results of the NFA investigation and provides a recommendation based on these data for
each SWMU or AOC.

Section 13 – References. This section provides a summary of the works cited.

Appendix A contains Appendix A-1: CH2M-HILL's responses to comments on the Draft No
Further Action Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico (CH2M HILL,
November 2002); and Appendix A-2: CH2M HILL’s responses to comments on the Final
Expanded Preliminary Assessment/Site Investigation Report, Phase I (CH2M HILL, October 2000)
and the Final Expanded Preliminary Assessment/Site Investigation Report, Phase II, Seven Sites
(CH2M HILL, November 2002).

Appendix B contains the data screening tables for samples collected at each of the nine sites
proposed for NFA in this report.

Appendix C contains the statistical evaluations summary for the environmental media at all
nine sites proposed for NFA in this report.

Appendix D contains the summary tables for the data used in the risk assessment for the
nine sites. The tables are formatted in accordance with the latest RAGS Part D guidance.

Appendix E contains a detailed risk assessment conducted for each site included in this
NFA report.

Appendix F contains the analytical resampling data for the well at AOC K.

Appendix G contains the toxicity profiles for chemicals with provisional toxicity factors.

Appendix H contains the 95 percent-Upper Confidence Limit (UCL95) calculations relevant
to the nine sites, and comparisons with the ProUCL tool.

Appendix I contains the latest EPA Region 9 Preliminary Remediation Goal (PRG) values
(October 2002) used for screening comparisons, a copy of the EPA 2002 Edition of the
Drinking Water Standards and Health Advisories (Summer 2002), and background values
information.

All tables and figures are presented at the end of their respective sections.
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1.5 Former NASD Location and Description
1.5.1 Location
With a surface area of approximately 51 square miles, Vieques Island is the largest of the
offshore islands of Puerto Rico. It is approximately seven miles east-southeast of the eastern
end of the main island of Puerto Rico. The former NASD is traversed in different directions
by paved asphalt and dirt roads. The main entrance to the former NASD is at the extreme
northeast end of the site near the Vieques Municipal Airport. The approximate coordinates
of the center of the former NASD site are 18 degrees 7 minutes north (N) latitude and
65 degrees 33 minutes west (W) longitude.

1.5.2 Structures, Roads, and Other Site Features
The central and northeastern portions of the former NASD contained munitions storage
magazines and installation support facilities. Paved roads are present along the north end
and eastern boundaries, in the main support compound, and near the inactive munitions
magazines. Although the road to the Mount Pirata communications facility is paved, the
majority of the site is traversed by dirt roads or roads overgrown with vegetation.

1.5.3 Vicinity Characteristics
The former NASD is bounded by water on three sides: on the north by Vieques Sound, on
the west by the Vieques Passage, and on the south by the Caribbean Sea. The area east of the
former NASD is controlled by the Puerto Rico Department of Natural Resources, the Puerto
Rico Port Authority, and private landowners. The Vieques Municipal Airport property lies
adjacent to the northeast portion of the former NASD; the portion abutting the site
constitutes the runway approach clear zone. South of the airport property is undeveloped
land controlled by the Puerto Rico Department of Natural Resources; this land is used
primarily for cattle grazing. Further south lies the area known as the “South La Hueca”
parcel. This area is inhabited by individual landowners with private homes, small pastures,
and farms.

1.5.4 Climate
The climate of Vieques Island is tropical-marine. Temperatures are nearly constant, with an
annual average of approximately 79 degrees Fahrenheit (°F). August is the warmest month
(82°F), and February is the coolest month (76°F). Vieques Island lies directly in the path of
the prevailing easterly trade winds that regulate the climate of Puerto Rico. The trade winds
result in a rainfall pattern characterized by a dry season from December through July and a
rainy season from August to November. Heavy precipitation may be induced by tropical
storms from June to November. The western part of the island, where the former NASD site
is located, averages approximately 50 inches of rainfall per year, 50 percent of which occurs
during the rainy season (United States Geological Survey [USGS], 1989).

1.5.5 Topography and Surface Water
The majority of the former NASD is undeveloped and heavily vegetated with trees, low-
lying brush, and tall grasses. The topography of the former NASD is characterized by a
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series of low hills and small valleys. The most elevated areas occur along a west-to-east axis
near the center of the site. The highest point is Mount Pirata, which is approximately 987
feet above sea level. In general, the slope of the site tapers gradually down from the center
to the coastal areas, with the exception of steep slopes in the vicinity of Mount Pirata. The
surface water flow direction follows the slopes, generally from an elevated center radially
outwards to the ocean. Of the nine sites included in this NFA Report, eight are located
within the Main Operations Area, where surface water flows north to the ocean. Figure 1-6
is a topographical map of the site.

Surface water present on the former NASD consists of several lagoons and intermittent
streams. The Arenas, El Pobre, and Kiani Lagoons are at the northwestern end of the site,
and the Playa Grande Lagoon is at the southeastern end of the site. These lagoons are
generally very shallow and are characterized by a large concentration of mangroves along
the shorelines. Most of the streams on the former NASD are transient, flowing only for a
short period of time after precipitation (i.e., rain) events. These natural storm drainage
channels are located throughout the former NASD, generally running in a northerly or
southerly direction downward from the central, elevated portions of the property. None of
the nine sites evaluated in this NFA Report are surface water bodies, nor are they located
adjacent to surface water bodies. Site AOC C is a stormwater runoff ditch, which transmits
water only during rain events.

1.5.6 Regional and Site-Specific Geology
Regional Geology
 Based on the information available from the USGS (1989) and investigations conducted at
sites selected for an RI/FS (e.g., AOC E and AOC H), the regional geology is characterized
by volcanic rocks generally overlain by alluvial deposits and patches of limestone. Volcanic
andesites and a quartz-diorite plutonic complex are exposed over a large percentage of the
island. A gradual change in texture from coarse- to fine-grained quartz-diorite has been
observed from west to east. Limestone occurs in sectors of the north, south, and eastern
parts of the island. The most extensive areas of limestone are found on the southern coast
peninsulas. The limestone is generally soft and yellowish and well indurated where exposed
to the atmosphere. The sedimentary deposits generally consist of a mixture of sand, silt, and
clay. The floodplains consist of beach and dune deposits formed by calcite, quartz, volcanic
rock fragments, and minor magnetite (USGS, 1989).

Site-Specific Geology
The soil samples collected during the installations of soil borings and monitoring wells
associated with the AOC E Site Characterization (SC) Report (CH2M HILL, 1999) and Expanded
PA/SI Report (CH2M HILL, October 2000) were used to describe the site geology of the
former NASD Main Operations Area. The site-specific geology near SWMU 5 is discussed
later in this report. The former Main Operations Area lies near the downgradient slope of
the rolling topography (approximately 45 feet above mean sea level [ft msl]), which is
underlain by weathered volcanic rock. Beneath the area are silt and clay from highly
weathered volcanic rock. The colors of encountered lithologies were primarily brown, dark
greenish gray, yellowish red, and brownish yellow. These sediments generally possess high
plasticity when moist, are very hard when dry, and are not easily crumbled under hand



SECTION 1: INTRODUCTION

GNV31003851546.DOC/031480001 1-7

pressure. Because of the tight binding of these hard clays, the soil has low permeability, and
surface runoff is generally the primary migration pathway for any surface releases. A
transect location map for the monitoring wells utilized for the site-specific geology at
AOC E, which is representative of the former Main Operations Area geology, is presented in
Figure 1-7. Geologic cross sections A-A’ and B-B’ are presented in Figures 1-8 and 1-9,
respectively.

1.5.7 Regional and Site-Specific Hydrogeology
Regional Hydrogeology
The USGS has mapped one groundwater aquifer on the northwestern part of Vieques
Island, referred to as the Resolución Valley aquifer. The Resolución Valley aquifer covers
approximately the northern half of the flanks of Mount Pirata. The valley slopes from
Mount Pirata toward the Vieques Passage, with an area of approximately 8 square miles.
Although no perennial streams are present in the valley, this area receives more rainfall than
any other area of Vieques Island. The geology of the Resolución Valley aquifer consists of
sedimentary deposits that overlie saprolite derived from plutonic rocks. Geophysical
surveys show that alluvial deposits average approximately 30 ft in thickness (USGS, 1989).

Site-Specific Hydrogeology
The former Main Operations Area is underlain by a semi-confined groundwater flow
system. The subsurface geology is composed of plastic clays. Groundwater was encountered
at 50 ft below land surface (ft bls) during monitoring well installation procedures; however,
the water levels eventually stabilized at approximately 41 to 42 ft bls.

Groundwater flow near the former Main Operations Area is controlled by elevation
differences between adjacent hills and the gently sloping topography. Groundwater flows
generally north toward the Atlantic Ocean, as shown in Figure 1-6. Based on the in situ
hydraulic conductivity results from the AOC E Site Characterization Report, the subsurface
material exhibits a relatively low groundwater velocity of 13.18 ft per year (ft/yr).

1.5.8 Conceptual Site Model
A conceptual site model (CSM) was developed for each site using the information regarding
known and suspected waste sources, pathways, and receptors. The conceptual
understanding of the site was prepared as described in the RI/FS guidance (EPA, 1988).
Because the CSM was used to characterize the potential risks to human health and the
environment, it included known and suspected sources of contamination, types of
contaminants, affected media, known and potential routes of migration, and known or
potential human and environmental receptors. This effort also involved identifying
locations for sampling during the work planning stage, and identifying exposure pathways
and receptors for risk assessment. A CSM for the entire former NASD is presented on Figure
1-10. This figure illustrates the topographic conditions that influence surface drainage,
subsurface conditions that influence the contaminant migration to groundwater, and
groundwater flow direction.

The site-specific CSM presents the potential and suspected sources investigated, potentially
affected media, and potential human receptors for exposure to the environmental media.
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This CSM is presented for each site in the respective sections of this report. Ecological
receptors were previously identified for the sites, and the Expanded PA/SI Reports
(CH2M HILL, October 2000 and November 2002) presented the potential receptors and
impacts for each of the sites.

1.5.9 Current and Future Land Use
Although the former NASD occupies approximately 8,000 acres, most of the area is
undeveloped and was used for cattle grazing. The past use for the former NASD was
presented above. Currently, all nine sites described in this report are inactive and
overgrown. The majority of the former NASD area, including the nine sites proposed for
NFA, was transferred to the Municipality of Vieques, and is proposed for the land use
category Development Plan Area, according to the Finding of Suitability for Early Transfer for
U.S. Naval Ammunition Support Detachment, Vieques Island, Puerto Rico (CH2M HILL,
November 2000). Land use for the Development Plan Area is not defined in the zoning
regulations. The Puerto Rico Planning Board will prepare a Master Plan to outline specific
development strategies for this area. Preliminary proposed land use from the Puerto Rico
Planning Board shows zoning as commercial, historic, tourism, and harbor area for the
former NASD main compound area, which includes eight of the nine sites (SWMU 10,
SWMU 14, SWMU 15, AOC B, AOC C, AOC F, AOC K, and AOC L). SWMU 5 is located in a
proposed Resource Conservation Area.

1.5.10 Background Study of the Former NASD
A background study was conducted to characterize the environmental media for the
western portion of Vieques Island (see the Final Soil, Groundwater, Surface Water, and
Sediment Background Investigation Report, Former NASD, Vieques Island [CH2M HILL, October
2002]). The primary purpose of this study was to develop a set of background values for
inorganic chemicals that occur commonly in environmental media, to be used in
comparison with sites investigated within the former NASD.

Surface soil samples were collected from 0 to 6 inches bls from 26 surface soil locations.
Subsurface soil samples were collected from 11 of the soil sampling locations at depths
ranging from 2 to 6 ft bls, depending on the depth to rock in the sampling area.
Additionally, five rock samples were collected from the southwestern end of Vieques Island.
Groundwater was sampled from five newly installed background wells.

Two surface water bodies, identified as Laguna Kiani and Laguna Playa Grande, were
included for surface water and sediment sampling, where four samples each of sediment
and surface water were collected from each surface water body. With the exception of two
surface water and sediment samples from Laguna Kiani, all samples were determined by
the background report review team (see below) to not be usable as representative of
background conditions for future background versus site comparisons. This was due to the
presence of high suspended particulates associated with metals in some of the surface water
samples. It was decided that site-specific surface water and sediment samples would be
collected for each surface water body site in the future sampling efforts.

Following EPA guidance, a single data background value is developed for each chemical for
soil for future “point” comparisons between site and background, as part of the initial site
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screening analysis. The estimated “point estimate” background value is the 95-percent
upper confidence limit (UCL95). Alternatively, site inorganic concentration ranges for all
samples at a particular site can be compared to the inorganic concentration ranges in
background samples. When necessary, future comparisons between site data and
background data may involve additional statistical methods for comparisons to determine
whether the site concentrations are significantly different from background. Such
comparisons will be limited to chemicals and media where it is identified as appropriate or
necessary, because of the additional level of effort involved for such comparisons.

The Draft Soil, Groundwater, Surface Water, and Sediment Background Investigation Report,
Former NASD, Vieques Island was submitted by CH2M HILL for review by regulatory
agencies and other interested parties on June 15, 2001. Several sets of comments were
received, including comments from EPA, PREQB, the Puerto Rico Commissioner’s Office,
and the technical review representative for the public (i.e., Technical Assistance for Public
Participation [TAPP]). The Final Soil, Groundwater, Surface Water, and Sediment Background
Investigation Report, Former NASD, Vieques Island was submitted by CH2M HILL on October
16, 2002.

After review committee comments regarding the background study report were resolved, a
set of background values was developed for soils by combining surface and subsurface soil.
This resulted from the fact that there were no differences between the surface and deeper
soils. Though some wells were retained as background wells, the review committee
suggested using area or site-specific upgradient wells as background wells to appropriately
represent background groundwater conditions. Thus, a well within the Main Operations
Area will be used for comparisons with groundwater at sites within this area. The well
located within SWMU 14 (SWMU14-MW02), which is located upgradient of most of the
sites, will be used for comparison with site wells downgradient of this area. Since there are
no surface water bodies within any of the nine sites included in this NFA report, no surface
water or sediment background levels were included here.

Appendix I of this NFA report contains the background values tables presented in Section
4.0 of the Final Soil, Groundwater, Surface Water, and Sediment Background Investigation Report,
U.S. Naval Ammunition Support Detachment, Vieques Island (CH2M HILL, October 2002), as
well as the most current PRG tables used in comparison against screening criteria.

1.5.11 Data Quality Evaluation
The analytical data for the nine sites were collected in two previous investigations. The
Expanded PA/SI consisted of two phases, Phase I and Phase II. Both reports were finalized
in October 2000 and November 2002, respectively. SWMUs 5, 10, 14, and 15, and AOCs C
and F were investigated as part of the Phase I PA/SI; AOCs B, K and L were investigated as
part of Phase II PA/SI.

The Data Quality Evaluation (DQE) performed for the two sampling phases were presented
in Appendix K of the Phase I PA/SI report, and Appendix I of the Phase II PA/SI report.
The data was validated by an independent contractor to Navy, Heartland Environmental
Services, Inc., in accordance with EPA Region 2 Functional Guidelines for Data Review
Standard Operating Procedures. Following this guidance, the DQE included evaluation for
the laboratory performance, and matrix interference. Both phases of the PA/SI included
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analysis of laboratory performance to be within the required detection limits of the
analytical methods. The matrix interference evaluation analyzed several results such as
surrogate recoveries, matrix spike recoveries, and duplicate sample results. The DQE
focused on the usability of the data to support project data interpretation and the decision-
making process.

Phase I PA/SI DQE
During the DQE of the Phase I PA/SI data, no data were rejected for failed holding times, or
control limit criteria in the method accuracy evaluations. However, during calibration
several data were rejected due to calibration deficiencies during organic chemical analysis.
This was due to interference from acetone and 2-butanone, and resulted in “J” or “UJ” flags
for several of the organic chemicals.

Twenty trip blanks, 26 equipment blanks, five field blanks, and 55 method blanks were
analyzed during the Phase I PA/SI. According to the EPA functional guidelines,
concentrations of common lab contaminants detected in samples at less than 10 times the
concentration associated with blanks can be attributed to the field sampling and laboratory
contamination rather than environmental contamination from site activities. For other
inorganic and organic chemicals, five times the concentration detected in the associated
blanks is used to qualify results as potential field/laboratory contamination.

In the Phase I PA/SI, blanks were reported to have several low-level volatile organic
compounds (VOCs). Bis-ethylhexyl phthalate (BEHP), two low-level polycyclic aromatic
hydrocarbons (PAHs), pp-DDT, and the polychlorinated biphenyl (PCB)-1016 were detected
in different blank samples. Some of the chemicals were not detected in site samples,
therefore no qualifiers were modified for field samples for these chemicals.

Phase II PA/SI DQE
During the Phase II PA/SI DQE no data were rejected due to missed holding times. The
calibration deficiencies were again noted because of the presence of acetone and 2-butanone.
A total of 18 trip blanks, 13 equipment blanks, three field blanks, and five method blanks
were analyzed for these analytical data.

In the Phase II PA/SI DQE, blanks were reported to have BEHP, di-n-butyl phthalate, and
diethyl phthalate, which was attributed to the plastic gloves used during sample analysis.
Several low-level VOCs were also reported, and one blank sample also had several organo-
chlorine pesticides, including dieldrin at parts per billion (ppb) concentration levels.

The Phase I and Phase II PA/SI DQE concludes that the samples results for metals near the
method detection limits (MDLs), that were reported in blanks (specifically metals) may
represent Type I (false positive) or Type II (false negative) errors. Thus, some values at the
lower levels of detection may be false positives caused by instrument noise or low-level
background shifts rather than a true analyte signal. Additionally, concentrations near the
MDL should be considered as not necessarily accurate or precise. Further details can be
found in Appendices K and I of the Phase I and Phase II PA/SI reports, respectively.
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1.5.12 Ecological Characterization
A qualitative ecological habitat characterization for the former NASD was conducted as part
of the Expanded PA/SI. The detailed results of the investigation were included in Appendix
I of the Phase I Expanded PA/SI report (CH2M HILL, October 2000) and in Appendix F of
the Phase II Expanded PA/SI (CH2M HILL, November 2002). A summary of the individual
findings for each site was incorporated into the text of the report.

The ecological assessment conducted during the Expanded PA/SI concluded that past
activities at the site have some degree of impact on the ecosystems, due to disturbed
habitats from clearing and construction activities. However, these impacts appear to be
limited to changes in species composition based on physical disturbances. The construction
of roads and ground maintenance are the only disturbances that have caused noticeable
differences. The wildlife at these sites seem to be healthy and are making use of their
habitats to the fullest extent. The surveys did not identify any federally protected species at
any of the sites. Thus, there are no significant ecological risks at any of the nine former
NASD sites included in this report. As a result, no further ecological assessments were
conducted for this NFA report.

1.5.13 Unexploded Ordnance Assessment
An Environmental Baseline Survey (EBS) was conducted as part of the transfer process for
the former NASD. The EBS included interviews with NASD personnel, a detailed aerial
photographic search, site inspections and investigations, and examinations of historical
records to determine if releases of hazardous substances to the environment had occurred at
the former NASD. The EBS also included unexploded ordnance (UXO) as a potential
hazard. The records review and interviews indicated that no munitions rework, assembling,
or manufacturing occurred at NASD and that no firing ranges have existed on the site. Since
1979, non-serviceable munitions were shipped off the site or disposed of at the Navy facility
located on the eastern end of Vieques Island. Prior to 1979, disposal of some non-serviceable
munitions occurred at the open burn/open detonation area at the western end of the NASD
(SWMU 4). This site is currently under investigation for UXO. In addition, ordnance related
items have been documented at disposal sites SWMU 6, SWMU 7, and AOC J which are
being investigated further through an Remedial Investigation. These sites will be
investigated for UXO in the future and are undergoing full remedial investigations.
However, the nine sites recommended for NFA have no history of UXO use or disposal.

Additionally, as part of the Preliminary Ordnance and Explosives Site Assessment Report for the
Green Beach Area (CH2M HILL, June 2001), a detailed archive search report was completed
for the Western Training Area (WTA) which included the western and southwestern
portions of the former NASD. Interviews were conducted and an extensive search of
archival records was conducted in an attempt to determine the historical uses, activities, and
site boundaries of the WTA at the former NASD. Records and maps from the 1940s to the
1980s were reviewed. Documents and interviews both confirmed that no live weapons firing
was permitted during training exercises in the WTA, due to its proximity to storage
magazines in the Naval Ammunition Depot (1973 Draft EIS) and the use of the Green Beach
area by boaters (1992 range regulations). No evidence was obtained to support a conclusion
that the former WTA is contaminated by explosive ordnance or UXO as a result of past
training activities.



SECTION 1: INTRODUCTION

GNV31003851546.DOC/031480001 1-12

1.6 Risk-Based Screening Process
1.6.1 Data Analysis Introduction
The screening evaluation of the data for each site is based on validated analytical results
obtained from previous investigations conducted from April through December 2000. For
the initial data collected and the Phase I PA/SI Report (CH2M HILL, October 2000), the
analytical results were screened against the EPA Region 3 Risk-Based Criteria (RBC). For the
Phase II PA/SI Report (CH2M HILL, November 2002), the analytical results were screened
against the EPA Region 9 PRGs. The evaluation conducted for this NFA report was based on
the initial data (October 2000) that was rescreened against EPA Region 9 PRGs to provide a
consistent approach throughout the screening evaluations.

1.6.2 Groundwater Turbidity vs. Metals Concentrations
The groundwater at these shallow depths is generally very turbid with very low yield, and
the deeper aquifer is separated from the shallow zone by weathered granodiorite rock.
Because of the turbidity, several well samples indicated high particulate-bound metals
concentrations. During sample preservation, acidic conditions dissolved particulate-bound
metals to be released into the groundwater samples during analysis. Several wells within
the nine sites proposed for NFA had high turbidity-associated metals concentrations.
However, analysis of the dissolved metals in the same samples did not have elevated metals
concentrations. Both total metals and dissolved metals concentrations are provided in
Appendix B of this report. Only total metals concentrations were used in the risk
assessment, and dissolved metals are used for comparison purposes only.

1.6.3 Summary of Sample Collection and Analysis
Surface and subsurface soils were evaluated for direct exposure and indirect exposure
through leaching to groundwater. The collection depths for each sample are provided in
Appendix B of this report, along with the sample-specific chemical detections and
concentrations. The groundwater samples were collected from various depths at
approximately 41 to 42 ft bls, as presented above in the hydrogeology discusion. Copies of
the well boring logs for individual wells were included in Appendices C and B of the Phase
I and Phase II PA/SI reports, respectively.

SWMU 5 is located at a relatively higher elevation when compared to the other eight
SWMUs. The shallow groundwater at most of the sites was encountered at a depth of 50 ft
bls during monitoring well installation procedures; however, the water levels eventually
stabilized at approximately 41 to 42 ft bls. There was no groundwater encountered at
SWMU 5 during soil boring installation that was extended up to the rock underneath the
site. The granite rock underneath the site is greater than 200 ft in thickness, as determined
by previous studies for this general area. Therefore, a well could not be installed at SWMU
5. The soils in this area are tight clays and surface runoff is a likely preferential migration
pathway due to low permeability of the native soils, as previously described above in this
section.

A soil gas survey using an Organic Vapor Meter (OVM) was conducted on soil borings
during the two phases of the PA/SI to determine if subsurface leaching of more mobile
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contaminants such as VOCs was present at most of the subsurface soil samples. The results
of this analysis were included along with the soil boring logs in Appendix B of the Phase I
PA/SI report. The site monitoring wells were installed at locations nearest the highest
measured reading area. Overall OVM results have relatively low positive detections, with
the highest levels reported at AOC E and the part of SWMU 14 that is located near AOC E.
This area is not included in this set of sites considered for NFA. A separate investigation is
being conducted for AOC E to assess the petroleum contamination detected at this site. The
OVM results were presented in Appendix B of the Phase I PA/SI report for SWMU 5,
SWMU 10, SWMU 14, SWMU 15, AOC C, and AOC F.

1.6.4 COPC Selection
Concentrations of detected chemicals at each site were compared to the most current EPA
Region 9 screening criteria for each matrix. These consisted of the residential and industrial
risk-based criteria (i.e., PRGs), leachability criteria for soil (i.e., soil screening levels [SSLs]
based on a dilution attenuation factor [DAF]=20), tap water PRGs, and drinking water
MCLs for groundwater. The PRGs for the non-carcinogenic chemicals were divided by 10 to
represent an HI level of 0.1. Groundwater COPCs were selected for risk assessment by
comparing the chemicals against tap water PRGs (not MCLs).

Constituents with concentrations below the PRGs were eliminated. Those constituents with
concentrations above the PRGs were retained as COPCs. All identified COPCs were
evaluated through a risk assessment at each of the nine sites according to the EPA RAGS
document (EPA, 1989) and the following EPA guidance:

• EPA, 1989. Risk Assessment Guidance for Superfund (RAGS), Volume 1, Human Health
Evaluation Manual (Part A). EPA/540/1-89/002.

• EPA, 1990. Guidance for Data Usability in Risk Assessment. EPA/540/G-90/008.

• EPA, 1991. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation
Manual, Supplemental Guidance: “Standard Default Exposure Factors”. OSWER Directive
9285.6-03.

• EPA, 1997. Exposure Factors Handbook. EPA/600/P-95/002Fa.

• EPA, 2001. Risk Assessment Guidance for Superfund (RAGS) Volume I: Human Health
Evaluation Manual. Part E Supplemental Guidance for Dermal Risk Assessment) Interim.

The results of the screening evaluation were used to define the nature and extent of
contamination at each site for soil and groundwater. Although several of the inorganic
chemicals occur above PRGs but were below background concentrations, no chemicals were
eliminated based on their occurrence in the background, as recommended by the reviewing
agencies. Such chemicals are further discussed in Appendix E as part of an uncertainty
analysis. The final site NFA recommendations were based on this screening analysis, results
of the risk assessment, and comparisons with the background levels as appropriate for the
inorganic chemicals.
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1.6.4 Risk Assessment
The risk assessment conducted for each site assessed the potential adverse effects to human
health for current and future land use conditions. A schematic diagram of the risk
assessment process is presented in Figure 1-11, and includes the identification of COPCs,
exposure assessment, toxicity assessment, and risk characterization. The results of this risk
assessment are used as the basis for the ROD for NFA recommendations at the nine sites.
The risk assessments were conducted in the RAGS Part D format to ensure consistent
documentation for review, as requested by the EPA and PREQB reviewers during their
review of the draft NFA report. Copies of the site-specific risk assessment tables, provided
in RAGS Part D format, are presented in Appendix D of this revised report.

A site-specific CSM was developed to present an overview of site conditions and to identify
potential migration pathways, receptors, and exposure routes. This serves as the basis for
the exposure pathway evaluations in the HHRA.

1.6.5 COPC Identification Summary
The sampled media include surface soils, subsurface soils, and groundwater. Some of the
soils collected from drainage ditch sites (e.g., the quebrada) are identified as sediment.
However, because these are not wet most of the year, they were considered as soils. The
following sources were used to obtain the health-based screening criteria:

• Surface soil results were screened against human health direct exposure risk-based
criteria for soils selected from the EPA Region 9 PRG table (November 2002).
Noncarcinogenic RBC values were reduced by a factor of 10 (HI=0.1) to account for the
potential presence of multiple chemicals.

• Subsurface soil samples up to 10 ft bls are potentially exposed during construction
activities. Therefore, soils up to this depth were compared against industrial PRG
values, and the COPCs selected were evaluated for a construction worker exposure.

• Surface and subsurface soils were screened against soil-to-groundwater protection risk-
based criteria and the generic SSLs based on a DAF=20 from Appendix A of EPA’s Soil
Screening Guidance: Technical Background Document (1996).

• Groundwater samples were screened against human health direct contact exposure risk-
based criteria for groundwater. These values consisted of the latest EPA Region 9 PRGs
and MCLs from the EPA National Primary Drinking Water Standards.

Appendices B and C include the COPCs selected for soils and groundwater at the nine sites
included in this report.

Surface Soil COPC Selection Process
For surface soils, the maximum detected concentration from site surface soil data set was
compared to the residential soil PRG and SSL. If a chemical exceeded the PRG or SSL, it was
selected as a COPC for quantitative risk evaluation. Those chemicals exceeding the SSL were
considered COPCs for leachability to groundwater. This is a conservative approach in that
the SSL is not based on a direct contact exposure concern to human receptors.
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Subsurface Soil COPC Selection Process
For subsurface soils, the maximum detected concentration of a chemical was compared to
the industrial PRG and SSL. If a chemical exceeded the industrial PRG, it was selected as a
COPC for exposure to future construction workers. If a chemical exceeded the SSL, it was
selected as a COPC for leachability to groundwater.

Groundwater COPC Selection Process
For groundwater, the maximum detected concentration of a chemical was compared to the
tap water PRG for the risk assessment. If a chemical exceeded the screening criterion, it was
selected as a groundwater COPC and included in the quantitative risk evaluation.

A detected chemical without a screening criterion was qualitatively evaluated to determine
whether it should be considered a COPC. Frequency of detection, concentration, site-related
use or release, and the structural activity relationship available in the EPA guidance was
considered in that chemical’s inclusion or exclusion from further consideration.

Commonly encountered laboratory contaminants (e.g., methylene chloride, BEHP) that are
detected in similar concentrations in the quality assurance and quality control (QA/QC)
samples, and that are not associated with site activities, were not included as COPCs; this
follows EPA guidance for evaluating common laboratory contaminants (EPA, 1989). As
described above in the DQE discussion, phthalates, some low-level VOCs, and low-level
organo-chlorine pesticides were detected in the blank samples. The site-specific sections in
this report include discussions regarding these chemicals if site samples also have these
chemicals.

1.6.6 Exposure Assessment
An exposure assessment was performed to evaluate the potential exposure of the site media
to the human receptors that were identified based on current or anticipated future land use
at each site. The exposure assessment included potential exposure pathways for human
receptors, potential routes of exposure, exposure factors assumed, and exposure
concentrations estimated for exposure.

Potentially Exposed Populations
The former NASD is currently an inactive facility. After the property transfer, the land use
and potentially exposed populations are likely to change. Therefore, unrestricted land use
was assumed for each site, which is the most conservatively protective assumption available
for risk assessment. Currently there are no human receptors based on the existing land use
at the nine sites proposed for NFA. Based on anticipated future land use considerations, the
following potentially exposed populations were identified:

• Maintenance workers
• Construction workers
• Industrial workers
• Recreational receptors( both adult and child)
• Residential receptors (both adult and child)
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Other potentially exposed populations could exist; however, their likely exposure will be
lower than those listed above. If these listed receptors are protected, all other potentially
exposed populations will also be protected. Exposure assumptions were selected to be
conservatively representative to estimate the possible upper-bound exposures by using the
reasonable maximum exposure (RME) levels from the EPA guidance. In addition, when
multiple exposure factors are available, a more conservative factor was selected to ensure
conservatism in the exposure assessment. The exposure factors were selected from various
sources such as the following EPA guidance:

• Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors.” OSWER Directive 9285.6-03. March 25, 1991.

• Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, Peer Review
Draft. OSWER 9355.4. March 24, 2001.

• Exposure Factors Handbook, Volume I. May 1989.

• Risk Assessment Guidance for Superfund (RAGS) Volume I: Human Health Evaluation
Manual. Part E Supplemental Guidance for Dermal Risk Assessment, Interim Draft.
September 2001.

• Risk Assessment Guidance for Superfund (RAGS) Volume I: Human Health Evaluation
Manual. Part A, Interim Final. December 1989.

The following subsections provide descriptions of the individual potentially exposed
populations that were evaluated in this risk assessment.

Maintenance Workers
Currently, there are no human receptors within any of the nine sites. A limited number of
personnel are currently employed to supervise the former NASD area, and none of these
employees have duties within the sites. There are no maintenance activities occurring within
the nine site areas evaluated in this report. Therefore, this exposure pathway under current
conditions is incomplete. In the future, when the property is transferred, activities may
include mowing and facilities maintenance. Based on the likely occupational duties, it was
assumed that maintenance workers would have the potential for direct or indirect contact
with surface soils at each site. The maintenance workers are not likely to use site
groundwater, as it is deeper than 20 to 30 ft bls at shallower depths. The site groundwater is
not being used (i.e., pumped) at the present time, and shallow groundwater is not usable for
potable purposes (low yield, and high turbidity), as previously described in hydrogeology
section. Therefore, this pathway was not evaluated for the maintenance worker scenario.
The exposure assumptions for this scenario include a maintenance activity occurring at each
site once a week (52 days/year), with the workers spending the entire workday within each
site (each of the sites are much smaller, typically requiring less than an hour for grass
moving). The soil ingestion rate (IR) is 100 milligrams per day (mg/day), for an exposure
duration (ED) of 25 years. The tables provided in Appendix D include the relevant details of
these exposure assumptions.
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Construction Workers
A future construction worker scenario was evaluated for subsurface soil exposure at various
sites where COPCs were identified in the subsurface soil. The COPCs were selected by
comparing detected concentrations in subsurface soil samples that were collected up to 10 ft
bls against industrial PRGs (see Appendix I for EPA Region 9 PRGs). Typically, construction
work is assumed to last for six months, seven days per week, resulting in an EF of 183 days,
and ED of six months. The soil IR for a construction worker is 330 mg/day, which is higher
than any other worker scenario. All other exposure factors are similar to those of an
industrial worker scenario, as provided in the risk tables in Appendix D.

The exposure point concentrations (EPCs) for a construction worker were calculated by
combining surface and subsurface soils, as construction activities tend to mix both of these
soil layers. Subsurface soil COPCs were identified at only some of the nine sites included in
this report, and a construction worker exposure scenario was evaluated for these sites.
Exposures to site groundwater are not expected for this scenario, as typical construction
depths (6 to 10 ft bls) will not encounter groundwater at the site, since it is encountered at
approximately 20 to 30 ft bls (depending on the location).

Industrial Workers
This scenario was evaluated assuming a site would be converted into a future industrial
facility where a worker spends his/her entire work day at the site in direct contact with
soils. Depending on site-specific conditions, future development of some of these sites could
potentially allow for light industrial/commercial use, which would bring industrial workers
into contact with site media. Industrial workers were also assumed to be indoor workers,
and to have potential exposure to site groundwater as a potable water source. The industrial
worker assumptions include a soil IR of 50 mg/day and a groundwater IR of 1 liter (L)/day.
The EF is 250 days/year, and the ED is 25 years. The dermal exposure route assumptions
were selected for all receptors from the EPA dermal guidance, as cited above.

Recreational Receptors
After transfer of the property, some of these sites may be used for recreational purposes,
which may include hiking, picnicking, and other outdoor activities. Recreational receptors
are assumed to have direct contact with site soils. Recreational users are not expected to
have exposure to site groundwater; therefore, a groundwater exposure pathway is
incomplete. Exposure to this site was thus assumed to occur via surface soil while using the
site for recreational purposes. Though each site is too small for complete recreational
activities during an outing, such a scenario was assumed as a conservatively protective
pathway evaluation. Both recreational adult and child receptors were evaluated. A child
receptor is assumed to have a soil IR of 200 mg/day. An adult receptor is assumed to visit
each of the sites both days of the weekend, every weekend of the year. The EF for an adult is
104 days/year with an ED of 24 years. The ED for a child is 6 years. Further details
regarding the exposure assumptions calculated for each receptor are provided in Appendix
D.
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Residential Receptors
To evaluate the most conservative future land use scenario for each site, residential land use
was considered to occur where site-specific conditions permit. Future residents were
assumed to have direct contact with surface soils and to use site groundwater as their
potable water source. Several sites are drainage areas that are not conducive for use as
residential lots. However, this scenario was evaluated to provide the most conservatively
protective risk estimation. If the risks for this scenario are within acceptable limits, the site
can be used for unrestricted (i.e., residential) land use. The default exposure assumptions for
an adult and child were used, as listed in the above guidance. A child is assumed to have an
EF of 350 days/year and an ED of 6 years. For an adult the EF is 350 days/year, and the ED
is 24 years. Thus, the total ED for a residential receptor is 30 years.

1.6.7 Exposure Route Factors
The exposure route factors used for intake and risk estimates at each site, for each receptor
identified, are listed in RAGS Part D tables that are included in Appendix D, as well as the
site-specific risk estimation tables. All of the risk estimations are presented in RAGS Part D
format in this revised report, as the EPA guidance recommends using this format in order to
minimize the text documentation in the report.

Surface Soil Ingestion
Ingestion exposures to surface soil were evaluated for the appropriate receptors and media
identified in the site-specific CSM. The ingestion intake of soil for a worker was assumed to
be 50 mg/day, a default exposure factor derived from EPA (1997b). The incidental ingestion
of soil for an outdoor maintenance worker is 100 mg/day, for a recreational adult or child
the IRs are 100 mg/day and 200 mg/day, respectively. For residential receptors, the
incidental ingestion of soil by an adult is 100 mg/day, and 200 mg/day for a child. A
construction worker is assumed to have an IR of 330 mg/day.

Groundwater Ingestion
Ingestion of groundwater by a worker was assumed to be 1 L/day. Ingestion for a
residential adult and child was assumed to be 2 L/day and 1 L/day, respectively.

Surface Soil Dermal Contact
The skin surface area available for contact was estimated using best professional judgment,
and was based on current practices derived from EPA guidance. The surface areas used
were selected from the latest dermal guidance (RAGS Part E, as listed above). The soil
adherence factors were estimated using body-part and activity-specific data, which were
also provided by RAGS Part E. In addition, the dermal exposure estimation was performed
according to the equations provided in RAGS Part E.

Groundwater Dermal Contact
Residential receptors were assumed to have dermal contact with groundwater. Dermal
contact was assumed to occur through showering/bathing and includes an ED of 0.25-hr for
an adult and 0.45-hr for child, for daily exposure to the entire estimated skin surface area.
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An industrial worker is assumed to have a dermal exposure through washing hands while
at work.

Surface Soil Inhalation
Inhalation of dust from surface soils was assumed to occur for workers, recreational users,
and residential receptors. For workers, the default inhalation rate is 20 cubic meters
(m3)/8-hour work day. For smaller sites, time spent within the site is expected to be less
than 8 hours, and the inhalation rate will be modified by a site-specific factor to account for
the reduced onsite exposure, if appropriate. The inhalation rate for recreational receptors
will be 20 m3/day for adults and youths. Inhalation rates for residential adults will be
20 m3/day and 15 m3/day for children.

The default particulate emission factor (PEF) of 1.36E+9 m3/kg from the latest Supplement
to the EPA Soil Screening Guidance (2001) listed above was selected. No VOCs were
identified as COPCs, therefore exposure through inhalation for VOCs from soils is not a
relevant pathway at any of the nine sites.

Groundwater Inhalation
This pathway was determined not to be applicable to any of the nine sites, as none
contained VOC contamination in the groundwater.

Chemical-Specific Factors
Dermal absorption factors (ABSdermal) and permeability constants (Kp) were obtained from
RAGS Part E, as listed above.

1.6.8 Exposure Quantitation
Intake Estimates
The intake estimates for each exposure route identified are listed along with the intake
factors used for intake estimations in the RAGS Part D tables, provided in Appendix D. For
each receptor identified in the exposure assessment as having a complete exposure
pathway, chemical- and media-specific intakes, known as chronic daily intakes (CDI), were
estimated using the appropriate exposure factors and assumptions. The exposure assump-
tions used for the scenarios identified above are listed in detail in Appendix D.

Chronic exposure (represented by CDI) is expressed in terms of milligrams of chemicals
contacting the body/kilogram of body weight/day (mg/kg/day). For the exposure routes
to be evaluated, the following generic equation applies:

BWxAT
CxIRxEDxEFdaykgmgExposure =)//(

Where:

C = concentration of chemical in medium or exposure point concentration (EPC)
IR = intake or ingestion rate
EF = exposure frequency
ED = exposure duration



SECTION 1: INTRODUCTION

GNV31003851546.DOC/031480001 1-20

BW = body weight
AT = averaging time (period over which exposure is averaged)

Appendix D includes tables of exposure factors for the potential receptors, exposure routes,
and exposure pathways.

Exposure Point Concentration
The EPC is the reasonable upper-bound estimate of the mean concentration that is contacted
over the exposure period. The EPC is recommended by EPA to be the UCL 95, which is
95 percent of the arithmetic average (EPA, 1989).

The UCL95 was calculated using site data. In estimating the UCL95, one-half the detection
limit was assumed for non-detects. The process of UCL95 estimation following EPA-
recommended procedures is presented in Appendix H. If sample sizes were small, the
UCL95 defaulted to the maximum detected concentration as the EPC. The estimated EPC
values are presented in site-specific sections as tables, along with dose (intake) estimates.

1.6.9 Toxicity Assessment
The HHRA includes a toxicity assessment section that compiles the toxicity criteria for use
in cancer risk and hazard index estimates. The toxicity criteria were obtained from the
following sources:

• The Integrated Risk Information System (IRIS), a database available through the EPA
National Center for Environmental Assessment (NCEA) in Cincinnati, Ohio. IRIS,
prepared and maintained by the EPA, is an electronic database
(http://www.epa.gov/iris/) containing health risk and EPA regulatory guidance
information regarding specific chemicals. This database was the primary source of
toxicity values used.

• For chemicals with no toxicity criteria listed on IRIS, EPA Region 2 contacted NCEA for
interim toxicity criteria. The toxicity profiles provided by EPA are included in Appendix
G of this report.

• For vanadium, as IRIS or NCEA did not have a toxicity criterion, the Health Effects
Assessment Summary Tables (HEAST), provided by the EPA Office of Solid Waste and
Emergency Response (OSWER) (EPA, 1997c), which compiles toxicity values published
in various health effects documents issued by EPA were used.

• For chromium, a hexavalent chromium-based toxicity factor was used as a conservative
risk evaluation measure.

The toxicity profiles for the appropriate chemicals are presented in Appendix G of this
report.

Dermal Toxicity Factors
Adjustments of oral toxicity values were considered to estimate the effects of dose absorbed
through skin. Recommended ABSGI values from RAGS Volume I, Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) interim Review Draft



SECTION 1: INTRODUCTION

GNV31003851546.DOC/031480001 1-21

(EPA/540/R/99/005), were used. These values are provided in the RAGS Part D-formatted
tables in Appendix D, for the identified COPCs.

Carcinogenic Polycyclic Aromatic Hydrocarbons
At some of the sites, only benzo[a]pyrene was identified as a COPC. Therefore, the toxicity
equivalent factors (TEFs) were not used for any of the nine sites.

1.6.10 Risk Characterization
The exposure and toxicity information was integrated to estimate the potential risks and HI.
The estimated excess lifetime cancer risk (ELCR) and HI represent the site being
investigated for site-specific risk management decisions. The cumulative risks and HIs are
then compared against the acceptable risk ranges. For the purposes of regulatory decision-
making, the EPA recommends an acceptable risk range of 1E-4 to 1E-6 (1 to 100 in a million).
Typically, results falling within or below this range are considered a reasonable basis for
NFA. An HI value above 1.0 is further evaluated if any individual target organ HIs
exceeded a value of 1.0. Typically, unless the cumulative HI to a target organ exceeds an HI
of 1.0, it is typically not considered an exceedance. The conservative nature of the analysis
and the uncertainty inherent in the risk assessment was considered when interpreting the
results.

The risk estimations included several exposure pathway assumptions, exposure factors,
EPC estimations, site conditions, and receptor behavior. Because these are assumed values,
there is an inherent uncertainty associated with these hypothetical scenarios, as well as
practical limitations to obtaining true value versus an assumed value. Also, the inclusion of
chemicals that occur in background conditions attributes risks to a site, even though these
chemicals are not likely to be specific to the site. The toxicity factors supplied by the EPA
uses several extrapolation methods that are ridden with inherent uncertainty and tend to
include conservatively protective assumptions during such extrapolations. Such uncertainty
in toxicity factors is not addressed in this assessment, as EPA sources provide adequate
documentation of such uncertainty. The uncertainty analysis section at the end of each site-
specific risk assessment section presented in Appendix E qualitatively discusses the
uncertainty associated with estimated risks.

Additionally, any cancer risks or non-cancer HIs from chemicals occurring in the
background are also identified to determine if the estimated risks and hazards are not
related to the site, but rather are a result of background conditions. When risks and HI are
similar to the background, site risk management actions are not recommended.
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Figure 1-3
Aerial Photograph of SWMU 5
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Figure 1-6
Site Topography
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Figure 1-10
Generic Conceptual Site Model for Groundwater and Surface Water Flow

and Potential Exposure Pathways
NFA Report for Nine Sites
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Figure 1-11 
Site Risk Management Process for All Sites Identified

NFA Report for Nine Sites
Former NASD, Vieques Island, Puerto Rico
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SECTION 2

Site-Specific Decision Summary for
SWMU 5 – Former IRFNA/MAF-4 Disposal Site

2.1 Description
The IRFNA/MAF-4 Disposal Site (SWMU 5) is in a remote area of the former NASD in the
vicinity of Magazine Building 422, as shown on Figure 1-3. Photographs of the area near
SWMU 5 and the drainage ditch where a past release is reported to have occurred are
shown in Figures 2-1 and 2-2.

In 1975, approximately 7,000 pounds (lbs) of fuel were reportedly emptied from leaking
AQM-37A target drones into a low spot in a road near Building 422 at SWMU 5. The fuel
contained 5,275 lbs of inhibited red fuming nitric acid (IRFNA) and 1,775 lbs of mixed amine
fuels (MAF-4), which were emptied into a natural storm intermittent drainage channel that
eventually discharges into the Vieques Sound. Mixed amine fuels contain isomers of amino
xylene (49 percent) diethylamine and triethylamine (50 percent), and moisture and
mechanical impurity (less than 0.25 percent) (Qinghai Limimg Chemical Co., Ltd., 2000).
IRFNA is 86-percent nitric acid, 6 to 15-percent nitrogen dioxide, and less than 5-percent
water (Baker Environmental, Inc., 1992). Inorganic chemicals were not reported as
significant constituents of these fuels.

The location where the disposal took place was originally thought to be in the probable
surface recharge area for one of the few naturally occurring springs on Vieques Island. This
spring flows year-round, and is approximately 1 mile southeast of the disposal site. It was
used by the local cattle cooperative until 1992. During the EBS the well area was identified
as an AOC and further investigations identified that the dry ditch (quebrada) at SWMU 5
drains to the north, and the area near cattle cooperative spring drains to the south and
southeast. Therefore, the spring is in a different drainage basin (PMC, 2000).

Section 1.0 of this report summarizes the general issues related to all of the sites, including
SWMU 5. The summary included the site background information, physical characteristics,
site hydrogeological features, future land use, unexploded ordnance/ordnance explosive
waste (UXO/OE) survey findings for the western portion of the island including the former
NASD, data collection depths, types of data, DQE findings, and the general approach to the
risk assessment. The following text presents the site-specific information.

2.1.1 Topography and Surface Water Conditions
SWMU 5 is on the west-central portion of Vieques Island, approximately 60 ft northwest of
Magazine Building 422, which is one of several magazine buildings in this area. The
topography at this site is relatively flat, with an elevation of approximately 120 ft above msl.
Stormwater drains to an intermittent stream that flows north to the Vieques Sound. No
lakes or springs are present in the vicinity of this site.
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2.1.2 Geological Conditions
The site geology is characterized by volcanic rocks overlain by alluvial deposits and patches
of limestone. The soils are mostly tight clays with a mixture of silt and sand. Granodiorite
(granite rock) and quartz diorite are the predominate geologic features present across the
former NASD area of Vieques Island, including the area near SWMU 5. Soil borings
collected at this site indicated that bedrock was encountered at 6, 8, and 19 ft bls. Gravel,
brown silt, and some clay were present between land surface and the rock formation
contact.

2.1.3 Groundwater Conditions
Groundwater was not encountered during soil boring installations up to the rock at SWMU
5. Therefore, monitoring wells were not installed at this site. As previously discussed, the
spring that was used by the local cattle cooperative until 1992 is approximately 2 km
southeast of the disposal site, and is in a different drainage basin that flows to the south and
southeast, whereas the area around SWMU 5 drains to the north and northwest. There is no
hydrological connection between the release to the dry ditch at SWMU 5 (quebrada) and the
watering well. Thus, contamination from a one-time release of IRFNA/MAF-4 could not
reach the watering well.

2.2 Site Characterization
2.2.1 Nature and Extent of Contamination
Surface soil was sampled from 0 to 6 inches (0.5 ft bls) depths and subsurface soil samples
were collected from 6 to 19 ft bls at SWMU 5. Groundwater was not encountered at the site
above the rock, therefore, no wells were installed. The depth to groundwater here is
estimated to be 120 ft, based on USGS reports that groundwater occurs near sea level at the
former NASD. The ditch length was sampled at four locations. Analytical data evaluations
and DQE findings presented in the PA/SI report were summarized in Section 1.0 of this
report. Sample-specific concentration comparisons with the most current PRGs (last updated
in 2002) are included in the report, along with sampling depths for each soil sample.

Figure 2-3 shows the location of SWMU 5 within the former NASD and the cattle
cooperative area well, relative to the site. The following discussion presents the results of
the investigation conducted at SWMU 5 and the analytical results that were previously
presented in the Expanded PA/SI report prepared by CH2M HILL (October 2000). A
summary of the previously presented information from the PA/SI is included herein. The
Expanded PA/SI field investigations for SWMU 5 were conducted in April and May of 2000
and included the collection of surface soil and subsurface soil samples from four borings.

Additionally, field screening using an Organic Vapor Meter (OVM) was conducted at
various depths at all four soil boring locations during the Phase I Expanded PA/SI (see
Appendix B of the Expanded PA/SI Report for details). One boring (SWMU5-SB01) had
OVM readings of 21 ft bls. Another three soil borings had OVM measurements of 6 or 8 ft
bls. Only trace level readings were measured at SWMU5-SB01, and none were measured at
the other three soil borings. These results indicated that VOCs are not apparent in the
subsurface soil at this site. These samples were further analyzed for VOCs in the laboratory
and results were included in the screening analysis.
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The soil sampling locations are shown in Figure 2-4. The samples were analyzed for VOCs,
SVOCs, and explosives. Because metals are not significant constituents of the fuels that were
reported to have been released, they were not included in the analytical suite of parameters
during the Expanded PA/SI. The data were reevaluated with respect to the screening
procedures outlined in the Final Expanded PA/SI Report - Phase II, prepared by CH2M HILL
in November 2002. The specific details and results for SWMU 5 are documented in the
Phase II Expanded PA/SI report. These data provide the rationale for the recommendation
of NFA for SWMU 5.

Concentrations of detected chemicals were screened against risk-based criteria at each site.
These criteria include EPA Region 9 screening criteria for surface soil direct exposure to
human receptors, residential and industrial risk-based concentrations (i.e., PRGs), and
indirect leachability criteria for soil (SSL based on DAF=20). A summary of the chemicals
that exceed screening criteria is presented in Table 2-1, and is depicted in Figure 2-5. The
complete set of data for SWMU 5 is presented in Appendix B, and a data statistical
summary is presented in Appendix C. Appendix D-1 includes the RAGS Part D formatted
tables for the COPC selection.

Surface Soil Results
Table 2-1 presents the results of the screening analysis for surface soil data, and Appendices
B and C present the analytical data and statistical summaries, respectively. The analytical
results from the SWMU 5 soil borings as presented in the Expanded PA/SI report indicated
two detections of benzo[a]pyrene at levels slightly greater than detection limits and the
screening criteria, the residential PRG, but less than industrial PRG. Benzo[a]pyrene was
detected in soil boring SWMU05-SB01 at a concentration of 0.088 mg/kg and in soil boring
SWMU05-SB04 at a concentration of 0.075 mg/kg. Both concentrations are above the
residential PRG of 0.062 mg/kg.

Benzo[a]pyrene is a constituent of PAHs, and is present in low levels within petroleum fuels
and other common materials, such as the asphalt used to pave roads, the tar on roof
shingles, and the exhaust emissions from cars (ATSDR, 1995). The detected benzo[a]pyrene
may not be related to a fuel spill, as amino fuels are not reported to be sources of PAHs (see
www.atrtonautix.com/props/nitamine.htm). Thus, this constituent may not be related to
the one-time release of drone fuel at the site. In addition, the site is located near asphalt
pavement, of which PAHs are constituents. Considering the low levels of PAHs present in
fuels and the relatively large proportion of PAHs in asphalt material, it is likely that the
source of the PAHs is the asphalt material.

However, to provide a conservative approach, these detections were evaluated as part of the
risk assessment. VOCs, SVOCs, pesticides, PCBs, and explosives were either not detected, or
were detected at concentrations below their applicable screening criteria. Table 2-1
summarizes the surface soil detections above the PRGs.

Subsurface Soil Results
A total of 13 subsurface soil samples were collected from four soil borings. Appendices B
and C present the data and statistical summaries for the soil borings. Several of the fuel
constituents were detected at trace levels in the subsurface soils. No constituents were
detected above screening criteria in subsurface soils.
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Groundwater Results
The Expanded PA/SI did not include groundwater sampling, because no constituents were
detected in the subsurface samples at levels greater than the screening criteria.

2.2.2 Contaminant Fate and Transport
The objective of the environmental fate and transport evaluation is to examine the potential
for the contaminants to impact other currently uncontaminated media in the future through
migration. The migration potential is identified by evaluating the physical, chemical, and
biological changes that occur to chemicals currently identified in the site media. The
potential contamination expected from drone fuel release to soils at SWMU 5 and its
theoretical fate and transport is discussed in detail in Section 2.2.4. MAF-4 and IRFNA are
both used as propellants/rocket fuels, which were reported to have been released to the dry
ditch. Of the constituents identified as potentially present in the MAF-4/IRFNA released,
only a selected subset was identified as part of the Target Chemical List (TCL), which is the
EPA list for CERCLA sites. These target chemicals include xylene, nitroso-dimethylamine,
and nitroso-trimethylamine, which may have been fuel constituents of MAF-4 and/or
IRFNA, were analyzed for in the soil samples but never detected. Thus, none of the drone
fuel-specific chemicals were detected in the site soils. The only chemicals detected that may
or may not be related to the past fuel releases are PAHs.

Trace levels of PAHs (in two of four samples) and toluene (in one of four samples) detected
in soil samples were less than the reporting limits, with a “J” qualifier in surface soil.
Benzene, toluene, ethylbenzene, xylene (BTEX), and PAHs were also detected in the
subsurface soil samples at low-level concentrations as compared to their
detection/reporting limits. In addition, they were all less than the screening criteria for
leachability, which indicates that observed concentrations do not present a continued
release concern to the site subsurface. Also, the site is underlain by thick, impervious granite
rock, which minimizes the migration potential to groundwater.

Only one SVOC (benzo[a]pyrene) was identified in surface soil above screening criteria, and
is thus considered a COPC for surface soil at SWMU 5. This constituent is a potential by-
product that may be derived from the asphalt pavement located adjacent to the sampling
site. Benzo[a]pyrene also occurs in fossil fuels refining/cracking process, burnt engine oils,
and can be associated with rubber tire wear (ATSDR, 1990).

As a result of its very low vapor pressure, low solubility, and tendency to bind to organic
matter, benzo[a]pyrene deposited in soil is likely to remain adsorbed by soil particles.
Desorption from soil into water or air is very unlikely. In addition, photodegradation from
exposure to sunlight and biodegradation by bacteria, fungi, and plants is the major fate
process for benzo[a]pyrene in soils, which likely reduces its concentrations in surface soil
with time (ATSDR, 1990).

2.2.3 Summary of Data Evaluation
Benzo[a]pyrene exceeded the screening criteria in two surface soil samples. No other
chemicals exceeded the screening criteria. Because of its chemical properties,
benzo[a]pyrene has a tendency to remain absorbed to soil particles or to biodegrade
naturally. The site was recommended for NFA at the end of the Expanded PA/SI. However,
a risk assessment was conducted to assess potential risks from the surface soil, which had
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only benzo[a]pyrene as a COPC. A summary of the results of the risk assessment is
provided in Section 2.4.

2.2.4 Conceptual Site Model
Figure 2-6 presents the exposure CSM for SWMU 5. IRFNA is a strong oxidizing acid, and
MAF-4 consists of highly volatile, nitrogen-containing fuel compounds. Both chemicals
undergo rapid degradation or transformation, and are therefore not persistent in the soil to
which they are released. The acids may alter the pH of soils that immediately come into
contact with them for a short time after the release of large amounts of these chemicals.
However, rainfall washes the soils, which allows the pH to stabilize and to return to its
characteristic level. The fuel oils that are part of the MAF-4 were not detected in any of the
surface or subsurface soil samples above screening criteria. No organic contamination is
expected from the IRFNA reported to have been released at this site.

The organic constituents of the fuels typically include hydrocarbons, such as total petroleum
hydrocarbons (TPH), with a smaller proportion (<0.5 to 5 percent) of more volatile BTEX-
type of chemicals, and PAHs. However, the drone fuel reported as having been released at
SWMU 5 contained mostly xylenes and di- and tri-methyl amines mixed with acids, which
is not likely to contain any measurable amount of PAHs. The past surface release of fuels
containing hydrocarbons tend to retain heavier hydrocarbons in the surface, and lighter
hydrocarbons may migrate through volatilization into air as well as to some extent through
leaching into subsurface soils. A one-time release of fuel has a very limited potential to
contribute to the subsurface soil contamination. Because these highly oxidative fuels are
designed for quick burning and are relatively unstable (more so than gasoline), they are
expected to have shorter half-lives in soils. In addition, there are no fuel-oil-related
chemicals in the subsurface soil samples collected at the site. Finally, because 25 years have
passed between the time of release and sampling, any migration that may have occurred
may have attenuated/degraded with time, and thus are not present in measurable levels at
this time.

In summary, there are no significant migration pathways for this 27-year-old, one-time fuel
release. The organic portion of the fuel oils is not likely to be a significant migration
pathway because of the short half-lives of these highly oxidized amine fuels, and the
subsurface migration is not a significant pathway because of the presence of impervious
rock in relatively shallower subsurface depths (e.g., 6 to 19 ft bls) as well as the absence of
water above the rock material. The groundwater at the site is below the rock, thus a release
to reach groundwater is unlikely. Based on the absence of measurable levels of fuel oils in
site media, no media were identified as significant for exposure at this site. The surface soil
at the site had detectable levels of PAHs. These may have been from either the release at the
site or related to the background soils at the site. Because there is a possibility that these
PAHs are related to the past release at the site, potential exposure pathways were
conservatively evaluated.

2.3 Ecological Assessment at the Former NASD
An ecological assessment was conducted for various sites within the western portion of
Vieques Island, including the former NASD area. A copy of the survey results was included
as an appendix in both of the Phase I and Phase II PA/SI reports, and the results are
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summarized in Section 1.0 of this report. A site-specific summary of the ecological
assessment conducted is included herein.

At SWMU 5 two plant communities were present: 1) the maintained grasslands of the small
ditch where the past release of IRFNA/MAF-4 was reported, and 2) the non-maintained
large ravine. The non-maintained ravine consists of a patchy canopy of various trees, shrubs,
and herbaceous ground cover. During the wildlife survey numerous wildlife species were
observed utilizing the habitat of this site, including indications of the presence of horses that
likely frequented the area. Birds of coastal forest species were also observed along with
numerous species of lizards. There was no evidence that the SWMU 5 had any impact on
wildlife species or their habitats. There were no federally protected species or preferred
habitats observed at this site. A terrestrial forested plant community dominated the site and
is not the preferred habitat of any of the species. Further details of this survey can be found
in the Phase I PA/SI Report, Appendix I in Volume II (CH2M HILL, October 2000).

2.4 Human Health Risk Assessment
A risk assessment was performed for benzo[a]pyrene, which was identified as a COPC in
surface soil at SWMU 5. There were no COPCs identified in subsurface soil. Toxicity factors
available on IRIS were used in this risk assessment, and are provided in Appendix D-1. As
no noncarcinogenic chemicals were identified as COPCs at this site, no reference doses were
provided and the risk characterization did not include a HQ/HI calculation.

The individual sample data used in the risk assessment for surface and subsurface soils are
included in Appendices B-3 and B-4, respectively. Appendix C includes a statistical
summary for the total number of samples analyzed, the number of detections, and the
minimum and maximum concentrations. All data and risk tables were formatted according
to the RAGS Part D formatting guidelines. During the risk assessment the latest available
EPA guidance was used; a list of the applicable references is included in Section 1.0 and as a
footnote to the tables in Appendix D-1. The comprehensive risk assessment is provided in
Appendix E. A total of four surface soil and 13 subsurface soils were collected at SWMU 5 as
part of the PA/SI sampling effort (CH2M HILL, October 2000), and results were screened
against the appropriate, residential risk-based criteria (see Table 2-1). The comparison
criteria used for screening the data are included in Appendix B-2.

Exposure pathways were considered complete for maintenance workers, industrial workers,
recreational receptors, and residential receptors (see Table 2-2). Subsurface soil was
evaluated for exposure to construction workers at all sites proposed for NFA in this report.
However, because there were no COPCs identified in the subsurface soil at SWMU 5, the
exposure pathway is incomplete for a future construction worker in this area. Table 2-3
presents the risks estimated for benzo[a]pyrene in surface soil for the receptors identified in
the exposure assessment at SWMU 5.

Because of the topography and physical characteristics of this site, it is unlikely that this site
would be suitable for industrial or residential land use. Occasional maintenance, such as
weed control, could occur in the future. However, the assumption that a worker or
recreational user would spend an entire day at this site is conservative, and the potential
exposure such receptors would receive is likely to be overestimated. A residential receptor
exposure scenario was evaluated only for comparison purposes, as the site is much smaller
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(50-ft long and less than 6-ft wide) than a typical residential lot of 0.5-acre. Thus, risks are
estimated based on higher exposures than those realistic for the site. This ensures high
conservatism in the estimated risks (see Appendices D and E). The results of the risk
estimations for each of the receptor populations are summarized below:

Maintenance Worker
For a future maintenance worker, the Excessive Lifetime Cancer Risk (ELCR) for exposure to
surface soils is 8.7E-8, which is less than the acceptable risk range of 1E-4 to 1E-6. Thus,
maintenance worker exposure to site surface soils does not present an excessive risk.

Industrial Worker
The estimated ELCR for a future industrial worker exposed to benzo[a]pyrene in surface
soils is 4.2E-7. This is less than the acceptable risk range for carcinogenic effects. Therefore,
there are no unacceptable levels of carcinogenic risk to future industrial workers from
exposure to surface soils at this site.

Recreational Receptors
The estimated combined ELCR for a future recreational adult and child exposed to surface
soils is 2.2E-7 and 2.9E-7, respectively, and the combined cancer risk is less than the
acceptable risk range. Thus, there is no unacceptable risk associated with exposure to
surface soils for a recreational adult or child.

Residential Receptors
For future residential receptors, the ELCR for an adult is 4.6E-7. The residential child ELCR
is estimated to be 9.06E-7. The combined cancer risk from exposure to a resident living in
the same area as a child and an adult is 1.4E-6, which is within EPA's acceptable risk range
of 1E-4 to 1E-6. Thus, the residential receptor exposures are also well within acceptable
range.

2.5 Conclusions and Recommendations
Only benzo[a]pyrene, a PAH, presented an exceedance of the screening criteria in two
surface soil samples at SWMU 5. No other COPCs were identified in site media. These may
or may not be related to past site releases. The residual PAHs in soils do not present risks to
human health above acceptable levels. No further investigation is required for the soils for
the protection of human health or the environment based on an analysis of available surface
and subsurface soil sample results and the pertinent information for the site. None of the
site media require further monitoring or action. In addition, the risks are well within
acceptable limits for maintenance workers, industrial workers, recreational receptors, and
residential receptors.

It is not clear if the detected benzo[a]pyrene is associated with the reported past spill or
from nearby road runoff from the asphalt material located at the site. Thus, the
benzo[a]pyrene may or may not be related to past site releases. The residual PAHs in soils
do not present risks to human health above acceptable levels. No further investigation is
required for the soils for the protection of human health or the environment based on
analysis of available surface and subsurface soil sample results and pertinent information
for the site. Therefore, the selected remedial alternative for the soils and groundwater at the
site is NFA.
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TABLE 2-1
SWMU 5 COPC Selection for Surface Soil
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Chemical
No. of

Samples
No. of

Detects

Maximum
Detected

Concentration
(mg/kg)

Minimum
Detected

Concentration
(mg/kg)

Mean
Concentration of

Detects

Best
Estimate of
the Meana

Residential
PRGb

(HI=0.1)

Industrial
PRGb

(HI=0.1)
SSLc

(DAF=20)

Benzo[a]pyrene 4 2 0.088 0.075 0.082 0.13c 0.062 0.29 8.0

All values are presented in units of milligrams per kilogram (mg/kg) (parts per million [ppm]).
a The best estimate of the mean includes non-detects at half the detection limit.
b EPA Region 9 Preliminary Remediation Goals (PRGs). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm

DAF dilution attenuation factor
HI Hazard Index

PRG preliminary remediation goal
SSL soil screening level
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TABLE 2-2
SWMU 5 Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway Selected
for Evaluation?

Reason for Selection or
Exclusion

Maintenance
Worker

Surface
Soil

Ingestion, dermal contact
and inhalation exposure
to COPCs in site soils

Yes Scenario is protective of any
occasional site visitors.

Industrial
Worker

Surface
Soil

Ingestion, dermal contact
and inhalation exposure
to COPCs in site soils

Yes Area could be developed in
the future for industrial use.

Construction
Worker

Subsurface
Soil

Ingestion, dermal contact
and inhalation exposure
to COPCs in site soils

No There are no COPCs
identified in subsurface soil,
making it an incomplete
pathway.

Recreational
Users

Surface
Soil

Ingestion, dermal contact
and inhalation exposure
to COPCs in site soils

Yes Area could be developed in
the future for recreational
use and would be protective
of any occasional
trespasser.

Residents Surface
Soil

Ingestion, dermal contact
and inhalation exposure
to COPCs in site soils

Yes Although the site topography
is unsuitable for residential
development, this is a worst-
case scenario for
comparison purposes.
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TABLE 2-3
SWMU 5 Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Future
Receptor Ingestion Dermal Inhalation Total Ingestion Dermal Inhalation Total

Maintenance Worker

Surface Soil Surface Soil

4.7E-08 4.0E-08 NA 8.7E-08 NA NA NA NA

Total Total

4.7E-08 4.0E-08 NA 8.7E-08 NA NA NA NA

Industrial Worker

Surface Soil Surface Soil

2.2E-07 1.9E-07 NA 4.1E-07 NA NA NA NA

Total Total

2.2E-07 1.9E-07 NA 4.1E-07 NA NA NA NA

Recreational Adult

Surface Soil Surface Soil

9.0E-08 1.3E-07 NA 2.2E-07 NA NA NA NA

Total Total

9.0E-08 1.3E-07 NA 2.2E-07 NA NA NA NA

Recreational Child

Surface Soil Surface Soil

2.1E-07 7.6E-08 NA 2.9E-07 NA NA NA NA

Total Total

2.1E-07 7.6E-08 NA 2.9E-07 NA NA NA NA

Residential Adult

Surface Soil Surface Soil

3.0E-07 1.6E-07 NA 4.6E-07 NA NA NA NA

Total Total

3.0E-07 1.6E-07 NA 4.6E-07 NA NA NA NA

Residential Child

Surface Soil Surface Soil

7.0E-07 2.6E-07 NA 9.6E-07 NA NA NA NA

Total Total

7.0E-07 2.6E-07 NA 9.6E-07 NA NA NA NA
HI Hazard Index
ELCR Excess Lifetime Cancer Risk
NA Not applicable
The combined carcinogenic risks for a residential child and adult (if a receptor lives in same area
as a child and adult) is 1.4E-6.
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FIGURE 2-1
Ditch at SWMU 5, Facing Northeast

FIGURE 2-2
Ditch at SWMU 5, Facing Southwest
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SECTION 3

Site-Specific Decision Summary for
SWMU 10 – Former Waste Paint and Solvents
Disposal Ground

3.1 Description
SWMU 10 is the Former Waste Paint and Solvents Disposal Ground. The SWMU consists of
an area surrounding the former Paint Locker, Building 4001, within the Public Works Area,
which is located on the northern portion of the former NASD. The building itself is a
relatively small metal shed, and can be seen in the photographs provided in Figures 3-1 and
3-2. SWMU 10 was used between the mid-1970s until approximately 1990. The storage
shelves inside the metal shed had small storage space, and it was reported during the site
investigation that small paint cans were stored there. It is suspected that small quantities
(less than 1 gallon) of paints, solvents, and thinners were disposed of on the ground outside
Building 4001. Although an area of 3 square feet (ft2) of staining and stressed vegetation was
reported during the RCRA site inspection in 1988 (A.T. Kearney, 1988), no impacted areas
were observed during the Expanded PA/SI. The site is currently inactive, overgrown, and
shows no signs of stressed vegetation.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including SWMU 10. The summary included the site background information, physical
characteristics, site hydrogeological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.

3.2 Site Characterization
3.2.1 Nature and Extent of Contamination
The Expanded PA/SI at SWMU 10 was conducted in April and May of 2000, and included
the collection of ten surface soil samples and ten subsurface soil samples. The samples were
analyzed for metals, VOCs, SVOCs, pesticides, and PCBs. Figure 3-3 presents the sampling
locations around the former paint storage building.

Because there is no known area of release at the building or in the area surrounding the
building, the surface and subsurface soil samples were collected at evenly spaced locations
(approximately 20 ft apart) around the perimeter of the building. The surface soil samples
were collected from 0 to 6 inches bls, and the subsurface soil samples were collected at an
average depth of 5 ft bls (sample intervals were 4 to 6 ft bls). In addition, OVM readings
were collected from 0 to 3 ft bls and 4 to 6 ft bls during the soil sampling. The OVM results
did not indicate a potential for presence of volatiles in the soils around SWMU 10.
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Thallium was detected in one out of ten surface soil samples, and in six out of ten
subsurface soil samples. The concentrations ranged between 0.71 mg/kg and 1.3 mg/kg,
compared to an SSL of 0.7 mg/kg. As indicated in the DQE for these samples, the results for
metals that were near the MDLs may represent a false positive.

Though thallium exceeded the SSL value, it is provided as an initial screening criterion by
the EPA SSL guidance document. The potential impact to the groundwater is then
considered in conjunction with the site-specific information such as the chemical
distribution and sample depth information, types of soils, and groundwater depth and
characteristics. No groundwater samples were collected from SWMU 10 because the
analytical results of the subsurface soil samples did not reveal any site-related contaminants
above the range of background levels in the soils. Furthermore, the potential for subsurface
soil and groundwater contamination is minimal, as the site soils are clayey with very low
permeability. Thus, the likelihood of migration to groundwater is minimal. Additionally,
the water table at this site is approximately 40 ft bls. These conditions suggest that it is not
necessary to sample the groundwater, as thallium could not migrate through 40 ft of clay-
rich soils.

Surface Soil Results
All detected chemical concentrations in surface soil and the results from the screening
evaluation for SWMU 10 are presented in Appendices B, C, and in the RAGS Part D
formatted tables (Appendix D-2). The analytical results indicated detections of aluminum,
arsenic, iron, chromium, manganese, and thallium in surface soil at concentrations above
the residential PRG and/or leachability screening criteria. The total chromium detected was
compared with a PRG for hexavalent chromium for a conservative analysis of the potential
contamination presence at the site. None of the VOCs, SVOCs, pesticides, or PCBs detected
were identified as COPCs. Table 3-1 summarizes the surface soil detections. The distribution
of the surface soil detections above screening criteria are presented on Figure 3-4.

The metals detected in the surface soil at SWMU 10 were detected in all samples at relatively
similar concentrations, and that distribution patterns of the detected metals do not indicate
that they are associated with the paints and solvents that were disposed of at SWMU 10.
However, the metals were identified as COPCs and are evaluated in the risk assessment. A
comparison of SWMU 10 surface soil inorganic chemical concentrations against background
levels is included at the end of this section.

Subsurface Soil Results
All detected chemical concentrations in subsurface soil and the results from the screening
evaluation for SWMU 10 are presented in Appendices B, C, and in the RAGS Part D
formatted tables in Appendix D-2. A total of ten subsurface soil samples were collected and
analyzed for VOCs, SVOCs, PCBs/pesticides, and metals. Some of the low-level organic
chemicals (e.g., 1,2-dichloroethane [1,2-DCA) and inorganic chemicals (e.g., thallium) that
were detected in subsurface soil were also detected in various blank samples. This
information is summarized in Section 1.0 of the Phases I and II Expanded PA/SI Reports
(CH2M HILL, October 2000 and November 2002). Iron and thallium were identified as
having exceeded screening criteria. Iron was detected above the industrial PRG value, and
thallium was detected above its SSL value. Iron is included as a COPC for further evaluation
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in the risk assessment. Table 3-2 summarizes the subsurface soil detections, which are also
presented on Figure 3-4.

The thallium detections ranged between 0.5 and 1.3 mg/kg, which are above the SSL value
of 0.7 mg/kg. No other chemicals were detected above screening criteria. However, because
the soils at this site have low permeability and are more than 40-ft thick above the
groundwater table, and the fact that thallium was detected at similar concentrations in soils
at other sites, it is likely the result of natural soil minerals. A comparison of subsurface soil
detections from SWMU 10 with background levels is included at the end of this section.

3.2.2 Contaminant Fate and Transport
Releases of waste paints or solvents on the ground would be expected to result in the
presence of VOCs and metals (e.g., lead, chromium) in surface soil. If the solvents are large
enough in volume, they could carry VOCs and any dissolved paints (metals) to the
subsurface soil. However, VOCs were not detected in either surface soil or subsurface soil at
SWMU 10, indicating that there is no evidence that any releases have occurred in the past.
Low levels of 1,2-DCA and DDT were reported in site soils at levels much lower than
screening criteria, and were also detected in blank samples, as presented in the DQE
summary in Section 1.0 and in the Phase I and II PA/SI Reports.

1,2-DCA was detected at similar levels at other sites (e.g., SWMU 14, AOC B, SWMU 5), as
well as in several blank samples. 1,2-DCA and DDT are likely not specific to the site,
particularly because DDT, with very low solubility and a high affinity to bind to soil and
organic carbon material, is not very mobile. Thus, DDT cannot reach deeper soils through
migration to the subsurface. The detections are likely investigation artifacts, however at low
levels that do not interfere with analytical requirements.

The metals detected above PRG values for direct exposure in surface soil were aluminum,
arsenic, chromium, iron, manganese, and thallium. None of these concentrations was
considered a leachability concern, as the area soils have very low permeability and the
shallow groundwater is relatively deep, as previously described above. With the exception
of thallium, subsurface soils at SWMU 10 do not contain chemicals with concentrations
above their respective SSLs. Iron was detected in the subsurface soil at a concentration
above the industrial PRG.

In accordance with the reasons stated previously, thallium is not considered a leachability
concern at SWMU 10. In addition, it is near the detection limit range and likely a false
positive, as described in the DQE section summarized in Section 1.0 of this report. All
detected concentrations are within the range of concentrations detected in background
samples. Groundwater contamination was not expected for these sites, as no migration
potential was identified. Further, the surface runoff is not identified as a significant
migration pathway, as SWMU 10 does not have any drainage features and consists of a
relatively flat surface area.

3.2.3 Summary of Data Evaluation
Some of the low-level concentrations of organic chemicals that were detected were also
present in laboratory blank samples, as indicated in the DQE of the samples analyzed (see
Phases I and II PA/SI Reports). The metals were detected in surface soil samples at
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concentrations above PRG levels, and are included for risk assessment, although their
concentration levels are similar to background sample concentrations. No constituents
exceeded screening criteria in subsurface soil, except for one low-level detection of thallium.
No evidence of hazardous waste contamination as a result of a paint materials release
associated with site-related activities from 1971 to 1990 exists at this site in the surface or
subsurface soils. The surface and subsurface soil inorganic chemicals detected above PRGs
are included in the risk assessment, which is summarized in Section 3.4.

3.2.4 Conceptual Site Model
Figure 3-5 presents the CSM for SWMU 10. SWMU 10 consists of the former Waste Paint
and Solvents Disposal Site and its surrounding area. The potential source of contamination
at the site is the accidental/intentional release of mixed paints and paint solvents to the
ground (soil). The type of contamination expected from paint operations includes inorganic
chemicals, such as lead, chromium, nickel, and other paint constituents, and solvents used
as paint thinners, which are usually simple hydrocarbons and are mostly volatile.

Any inorganic constituents released from paints are likely to remain in the area surface soil,
and surface runoff is the most prominent potential migration pathways for such releases, as
soils have low-permeability limiting vertical downward migration. However, the site is
located within a relatively flat surface area, no drainage features are associated with the site,
and runoff is not in a channeled flow, and thus is not likely to extend far from the site. As
previously stated, there is no surface drainage pathway connected to this site.

The site groundwater in this area of the former NASD is greater than 40 ft bls. Groundwater
is not likely to be contaminated because of the physical limitations presented by the depth
that the solvents must travel to reach the groundwater, and the small volume of reported
releases. Furthermore, if the surface and subsurface soil samples did not show any
contaminants, it is unlikely that the contaminants would reach the groundwater. Thus, the
media of concern for SWMU 10 are surface and subsurface soils above the granite rock.

The potential receptors at the site include human receptors working in this area performing
maintenance work, such as mowing the grass. In the future, potential receptors include
tourists and recreational visitors. Under unrestricted land use conditions anyone could use
the site, therefore a conservative assumption would be to assume a future residential use for
the area.

As the site is in an open former Public Works Area, the habitat is limited to plant species
common in the area, such as grasses and shrubs. Animal species include invertebrates
present at the site, small mammals, and birds feeding in the area. Further discussion of the
ecological and human receptors are provided below.

3.3 Ecological Assessment Summary for Main Operations
Area (or Public Works Area) Sites: SWMU s10, 14, 15,
AOCs C and F

An ecological survey was conducted for the sites located within the Main Operations Area
(or Public Works Area). The sites investigated included SWMUs 10, 14, 15, and AOCs C and
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F. The plant communities are similar among all these sites. The plant communities mainly
consist of herbaceous species typical of mowed/maintained areas. Maintenance of the
grounds appeared to be main factor effecting the plant community composition and
structure within this area at the time the ecological survey was conducted in 2000.

To determine the relative health of the ecological community within the Main Operations Area,
a comparison was made by selecting a control plot outside of the sites, which is located
southeast of SWMU 14, and comparing the habitat with the sites identified above. The
ecological assessment concluded that there was no significant difference between any of the
sites and the control site, however it was noted that SWMU 10 presented a greater abundance of
some plant species than the control site.

AOC C had higher abundance of hydrophytic vegetation than the other sites because it is a
drainage ditch. SWMU 15, which is an old parking lot was reported to have stressed vegetation,
with domination by an exotic and invasive grass which is not significant. The stress and
decumbent growth is thought to be due to heavy vehicles parked in this area at the time of the
survey (see Figure 4-2). The soil compaction also limits the species diversity of the site, and
small patches of oil stains in the soil were reported in the south central portion of the site.

The wildlife observed at these sites is typical for developed areas on Vieques Island. Horses
and mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species were observed in this area. The nearby NSRR
located on the main Island of Puerto Rico is identified as habitat for Arctic perigrine falcon,
which prefers to feed in open areas. Since the Main Operations Area is an open area, it could
be a feeding habitat for this species, although none were observed at the site during the
ecological survey.

3.4 Human Health Risk Assessment
The risks were estimated for SWMU 10 according to the latest EPA guidance, and the tables
were formatted according to the RAGS Part D. This section summarizes the pertinent
information contained in the risk assessment for SWMU 10.

Screening data for all of the exposure routes and potential human receptors are provided in
Appendix D-2, and the complete risk assessment and accompanying tables are found in
Appendix E of this report. The analytical results of the ten surface soil samples collected
from 0 to 0.5 ft depths, and the ten subsurface soil samples collected from 4 to 6 ft bls at
during the Expanded PA/SI were screened against the appropriate risk-based criteria.
Aluminum, arsenic, chromium, iron, manganese, and thallium in surface soils exceeded the
screening criteria and were considered COPCs (see Table 3-1) at SWMU 10. As iron was
detected above industrial PRG value, it is included as COPC for subsurface soil exposure
evaluations to future construction workers. Thallium was selected as a COPC based on the
exceedance of its SSL, however as previously discussed above, it is not likely to present a
leachbility concern (see Table 3-2).

Exposure pathways for future hypothetical maintenance workers, industrial workers,
construction workers, recreational users, and residential receptors were considered
complete at SWMU 10 (see Table 3-3). Most receptors were assumed to be exposed to
surface soils, and construction workers were assumed to be exposed to subsurface soils.
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Because of the small size of this site (i.e., smaller than a 0.5-acre exposure unit assumed for a
residential dwelling), exposure estimates were likely to be overestimated for the evaluated
receptors. Table 3-4 presents the risk characterization summary for the quantitatively
evaluated receptors at SWMU 10.

The results of the risk estimations for each of the receptor populations are summarized
below:

Maintenance Worker
For a maintenance worker, the ELCR for exposure to surface soils is 5.2E-7, which is less
than the acceptable risk range of 1E-4 to 1E-6. The estimated HI for exposure to surface soils
is 0.021 and is less than the target HI of 1.0 for noncarcinogenic exposure.

Industrial Worker
The estimated combined ELCR for an industrial worker exposed to surface soils and
groundwater is 2.5E-6. Arsenic in soils ranged in concentrations from 0.7 mg/kg to 6.4
mg/kg and contributed to the overall ELCR. The ELCR is within the acceptable risk range
for carcinogenic effects. The estimated HI of 0.1 for exposure to surface soils is less than the
target HI of 1.0.

Construction Worker
In the potential exposure scenario for a construction worker, only iron was identified as a
COPC in subsurface soil, and no carcinogenic COPCs were identified. The HI to a future
construction worker is estimated to be 0.142, which is less than the target HI of 1.0.

Recreational Receptors
The estimated combined ELCR for a recreational adult and child exposed to surface soils is
1.10E-6 and 2.1E-6, respectively, and is less than the acceptable risk range. The HIs of 0.044
for a future recreational adult and 0.36 for a future recreational child are less than the target
HI of 1.0.

Residential Receptors
The ELCRs for a residential adult and child are 3.1E-6 and 7.1E-6, respectively, which are
within the EPA acceptable risk range of 1E-4 to 1E-6. The noncarcinogenic HI for a
residential adult is estimated at 0.14, which is below the target value of 1.0. For a future
residential child, the HI for exposure to surface soils is 1.2, which slightly exceeds the target
HI of 1.0. However, as presented in Appendix D-2 for SWMU 10, no single target organ HI
exceeded a value 1.0, thus the target HI of 1.0 is exceeded at target organ level.

3.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

No organic chemicals were detected above screening criteria for direct exposure or
leachability to groundwater. The inorganic chemicals detected in site soils were generally
within the range of background concentrations detected (see Table 3-5). Arsenic and
thallium in site concentrations had ranges slightly greater than the background
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concentration range, however health risks from arsenic for all the receptors is well within
acceptable limits. Thallium levels are below the health-based screening levels and are
slightly above leachbility screening levels. However, detected thallium concentrations are
near detection limits and thus could be within instrument noise ranges (see DQE discussion
above). Thallium is not considered a leachability concern at this site, for the reasons
previously explained. Iron is the main contributor in the noncarcinogenic hazard
estimations. Iron was detected at a concentration range of 8,190 mg/kg to 18,200 mg/kg,
compared to a background concentration range of 2,500 mg/kg to 39,000 mg/kg. Thus, the
site soil concentrations are similar to background inorganic concentrations, with the
exception of arsenic. Overall risks and HI were well within acceptable limits.

3.6 Summary of Site Risks
The sampling analysis results of the ten surface soil and ten subsurface soil samples from
evenly spaced locations around the former Building 4001 at SWMU 10 did not detect any
paint-specific contaminants. No organic chemicals were detected above screening criteria
for direct exposure or leachability to groundwater. The inorganic chemicals that were
detected were also commonly found as part of natural mineralogy of soils. Any chemical
detected above a screening value was evaluated for potential exposure-related health effects
and leachability to groundwater.

The cancer risks and health hazard effects for SWMU 10 are within acceptable limits for all
the receptors, including maintenance workers, industrial workers, construction workers,
recreational adults and children, and residential adults and children. The estimated cancer
risks were mostly from arsenic in surface soil, which were slightly elevated above
background levels. The overall cancer risk to future residents (under an unrestricted land
use scenario) is within the range of acceptable risks. The estimated HI was mainly from iron
levels in soils. For a residential child, the HI slightly exceeded a value of 1.0, but no
individual target organ HI exceeded a value of 1.0. However, site soil iron levels are well
within background soil levels. Iron concentrations in surface soils are within the range of
background soil iron concentrations for the former NASD and may be the result of
magnetite soil formations reported for Vieques Island (see Table 3-5).

3.5 Conclusions and Recommendations
No further investigation or remedial action for the soils or groundwater at SWMU 10 is
necessary for the protection of human health or the environment, based on an analysis of
surface and subsurface soil sample results and pertinent information for the site. Therefore,
the selected remedial alternative for the site media (soils and groundwater) at SWMU 10 is
NFA.
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TABLE 3-1
SWMU 10 COPC Selection for Surface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections
Best Estimate

of Meana

Residential
PRGb

(HI = 0.1)

Industrial
PRGc

(HI = 0.1)
SSLc

(DAF=20)

1 Aluminum 10 10 3,740 10,000 5,575 5,575 7,614 10,000 NA

1 Arsenic 10 10 0.7 6.4 2.13 2.13 0.39 1.6 29

1 Chromium, Total 10 10 5.4 35.3 15.4 15.4 30.1 64 38

1 Iron 10 10 8,190 18,200 11,210 11,210 2,346 10,000 NA

1 Manganese 10 10 534 735 625 625 176 1,946 NA

1 Thallium 10 9 0.35 1.2 0.56 0.52 0.52 6.7 0.7
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). Http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 3-2
SWMU 10 COPC Selection for Subsurface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections
Best Estimate
of the Meana

Industrial PRGb

(HI = 0.1)
SSLc

(DAF=20)

1 Iron 10 10 17,700 10,300 12,720 12,720 10,000 NA

1 Thallium 10 10 1.3 0.50 0.77 0.77 6.7 0.70
a The best estimate of the mean includes non-detects at half the detection limit.
bRegion 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
NA -- Not available
SSL -- Soil screening level
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TABLE 3-3
SWMU 10 Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation?

Reason for Selection or
Exclusion

Maintenance
Worker

Surface
Soil

Ingestion, dermal contact and
inhalation exposure to COPCs in

site subsurface soils

Yes Scenario is protective of workers
involved with any occasional

maintenance work such as lawn
mowing.

Industrial
Worker

Surface
Soil

Ingestion, dermal contact and
inhalation exposure to COPCs in

site subsurface soils

Yes Area could be developed in the
future for industrial use.

Construction
Worker

Subsurface
Soil

Ingestion, dermal contact and
inhalation exposure to COPCs in

site subsurface soils

Yes Scenario is protective of any
occasional construction activities

at the site.

Recreational
Users

Surface
Soil

Ingestion, dermal contact and
inhalation exposure to COPCs in

site subsurface soils

Yes Area could be developed in the
future for recreational use and

would be protective of any
occasional trespasser.

Residents Surface
Soil

Ingestion, dermal contact and
inhalation exposure to COPCs in

site subsurface soils

Yes Although the site is unlikely to be
considered for residential

development, this is a worst-
case scenario for comparison

purposes.
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TABLE 3-4
SWMU 10 Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Maintenance Worker
Surface Soil Surface Soil

4.3E-07 6.4E-10 8.6E-08 5.2E-07 0.0174 0.0018 0.0017 0.02096
Total Total

4.3E-07 6.4E-10 8.6E-08 5.2E-07 0.0174 0.0018 0.0017 0.0210
Industrial Worker

Surface Soil Surface Soil

2.1E-06 3.1E-09 4.1E-07 2.5E-06 0.084 0.009 0.008 0.10
Total Total

2.1E-06 3.1E-09 4.1E-07 2.5E-06 0.08 0.009 0.01 0.10
Recreational Adult

Surface Soil Surface Soil

8.3E-07 1.2E-09 2.8E-07 1.1E-06 0.035 0.004 0.006 0.04
Total Total

8.3E-07 1.2E-09 2.8E-07 1.1E-06 0.03 0.004 0.01 0.04
Recreational Youth

Surface Soil Surface Soil

1.9E-06 1.4E-09 1.6E-07 2.1E-06 0.325 0.017 0.014 0.36
Total Total

1.9E-06 1.4E-09 1.6E-07 2.1E-06 0.32 0.017 0.01 0.36
Construction Worker

Surface Soil Surface Soil

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.141 0.000 0.000 0.14
Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.14 0.000 0.00 0.14
Residential Adult

Surface Soil Surface Soil

2.8E-06 4.1E-09 3.3E-07 3.1E-06 0.117 0.012 0.007 0.14
Total Total

2.8E-06 4.1E-09 3.3E-07 3.1E-06 0.12 0.012 0.01 0.14
Residential Child

Surface Soil Surface Soil

6.5E-06 4.8E-09 5.5E-07 7.1E-06 1.093 0.057 0.046 1.20
Total Total

6.5E-06 4.8E-09 5.5E-07 7.1E-06 1.09 0.057 0.05 1.20
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TABLE 3-5
Background Range of Concentrations for Soil Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter
Range of Background

Concentrations
Background

UTL

Maximum
Detected Site
Concentration

Average
Detected Site
Concentration

Minimum Maximum

Surface Soil

Aluminum mg/kg 1,600 29,000 29,000 10,000 5,575

Arsenic mg/kg 0.57 2.5 2.5 6.4 2.1

Chromium,
total

mg/kg 2.20 74.0 74.0 35.3 15.4

Iron mg/kg 2,500 39,000 37,531 18,200 11,210

Manganese mg/kg 48 1,200 1,167 735 625

Thallium mg/kg 0.45 0.67 0.67 1.2 0.52

Subsurface Soil

Iron mg/kg 2,500 39,000 37,531 17,700 12,720

Thallium mg/kg 0.45 0.67 0.67 1.3 0.77
mg/kg = milligrams per kilogram or part per million (ppm)
UTL Upper tolerance limit
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FIGURE 3-1
Waste Paint and Solvent Disposal Ground at SWMU 10 (2000), Facing North

FIGURE 3-2
SWMU 10 Waste Paint and Solvent Disposal Ground (2002), Facing North
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SECTION 4

Site-Specific Decision Summary for
SWMU 14 – Former Wash Rack

4.1 Description
SWMU 14, the Former Wash Rack, is located in the Public Works Area, on the northern half
of the former NASD and immediately west of the former Transportation Shop (Building
2016). Currently the structure is within a chain-link fenced area. The site consists of a
concrete driveway with 4-inch curbs on each side, and ramps on each end measuring
approximately 20-ft long by 10-ft wide. The runoff was collected into an oil/water separator
(OWS) that was located at the end of the driveway. The OWS was removed and properly
disposed of by a contractor, J.A. Jones Environmental Services Company, after the field
sampling conducted during the Phase I PA/SI.

SWMU 14 is no longer in use, and the area is overgrown with grass and weeds. The
surrounding area is primarily soil and grass, with concrete and asphalt driveways to the
north and south. Immediately west of the former wash rack is a shallow, grassy ditch that
ultimately travels north approximately 1,500 ft and discharges into the Atlantic Ocean.
SWMU 14 is adjacent to several other sites in the Public Works Area; SWMU 15 directly
west, and AOC E is immediately north. The total area of the site is approximately 100 ft
(north-south) by 30 ft (east-west). Figures 4-1 and 4-2 show photos of the site taken in 2000
and 2002, respectively.

This site was in use from the late 1970s until the end of 2000, and was used primarily for
cleaning Navy vehicles. Facility personnel stated that degreasing solvents were occasionally
used in this area. During operations, the concrete bermed area drained into an OWS, which
has been removed, prior to discharging runoff into an open ditch. A swale at the end of the
unit facilitated the discharge of runoff water to the ditch, which eventually flowed
downstream to the north, in the general direction of the Atlantic Ocean. The ditches that
begin near the entrance to the Public Works Area entrance run parallel to the entrance road,
proceed under the road and end in a diffuse drainage area beyond the road, with no direct
continuous connection between the site and the ocean. There is no direct connection from
the site to any continuously flowing water bodies. The drainage ditches are dry, except
during rain events. These ditches were investigated as part of the AOC C investigation.
Because the site is no longer in use, no operations-related releases are occurring at the
present time or are likely to occur in the future. Currently, the site is a flat area with
overgrown grass. Remnant concrete pads were left in place after removing most of the
equipment used for vehicle maintenance in this complex.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including SWMU 14. The summary included the site background information, physical
characteristics, site hydro-geological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
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of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.

4.2 Site Characterization
4.2.1 Nature and Extent of Contamination
The Phase I Expanded PA/SI field investigation at SWMU 14 was conducted in April and
May of 2000, and included the installation and sampling of two monitoring wells (one
upgradient and one immediately downgradient), the collection of 14 surface and subsurface
soil samples, and the collection of three samples of the accumulated sludge from the bottom
of the OWS, which has been removed. All samples were analyzed for metals, VOCs, SVOCs,
pesticides, and PCBs. Figure 4-3 presents the site and sample locations for surface soil (0 to
0.5 ft bls) and subsurface soil (4 to 6 ft bls), and two groundwater monitoring wells, one
upgradient (SWMU14-MW02) and one immediately downgradient (SWMU 14- MW01) of
the site.

Three samples that were originally designated as sediment samples in Appendix B of the
Phase I PA/SI Report (CH2M HILL, October 2000) were actually sludge samples taken from
the OWS. These samples are not included in this report for further analysis, as the OWS and
associated sludge was removed and disposed of properly by J.A. Jones Environmental
Services Company. Therefore, the data collected from the bottom of the OWS is not
discussed further in this section, as it does not represent current site conditions.

The chemicals that exceeded screening criteria in surface soil included aluminum, arsenic,
total chromium, iron, manganese, thallium, and vanadium. Aluminum, iron, and thallium
were detected above screening criteria in subsurface soil. The chemicals that exceeded
screening criteria in groundwater at SWMU 14 included manganese and dieldrin.

Surface Soil Results
A total of 14 surface soil samples were collected from 0 to 0.5 ft bls around the former wash
rack area. The sampling density is relatively high, considering that the site is only
approximately 100-ft long and 30-ft wide. The sample detections are provided in
Appendices B and C, and Appendix D-3 includes a statistical summary of all samples and
range of detected concentrations for the data set. Surface soil samples detected several
inorganic chemicals, trace levels of organic chemicals including petroleum VOCs, phthalates
that are typical of plastic material, and organochlorine pesticides. All data were screened
against criteria, as described in Section 1.0.

The analytical results indicated concentrations of aluminum, arsenic, chromium, iron,
manganese, thallium, and vanadium in surface soil are above the residential PRGs and/or
leachability in some of the samples. None of the organic chemicals were detected above the
conservative screening criteria, PRGs or SSLs, and therefore are not identified as COPCs for
surface soil at SWMU 14. The metals levels were compared against background levels, as
described later in this section, to determine if they are elevated above background soil
concentration levels. Thallium was the only chemical detected in surface soil above a
leachability criteria of 0.7 mg/kg, which is lower than the typical MDL for this chemical.
Thallium was also detected in subsurface soils at similar concentrations, but was not
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detected in site groundwater. Table 4-1 presents the analytical results for the surface soil
detections, and Figure 4-4 presents the surface soil detections above screening criteria at
SWMU 14.

Subsurface Soil Results
All detected chemical concentrations in subsurface soil and the results from the screening
evaluation for SWMU 14 are presented in Appendices B, C, and in the RAGS Part D
formatted tables Appendix D-3. Table 4-2 summarizes the subsurface soil detections that
exceeded screening criteria, as well as those chemicals without criteria, for a conservative
analysis. The exceedances are also presented in Figure 4-5.

The subsurface soil samples had trace levels of VOCs and pesticides at concentrations that
are much lower than the screening criteria for leachability. These chemicals were not
detected in the monitoring well SWMU14-MW01, which is located downgradient of the site.
Several of the inorganic chemicals that are typically part of the soil mineralogy and a
comparison of site soil concentrations against background levels are included at the end of
this section. Of the detected chemicals, aluminum and iron were detected above industrial
PRG values, and thallium was reported above the SSL value of 0.7 mg/kg in three out of 14
samples, with a reported concentration range of 0.41 mg/kg to 1.4 mg/kg. The thallium
concentrations are similar across several of the sites within this area of the former NASD.
Groundwater at the site is located more than 40 ft bls. Thallium was not detected in the
monitoring wells at the site. Thus, it does not appear that thallium is leaching to
groundwater at the site.

Groundwater Results
Monitoring well SWMU14-MW02 is located approximately 100 ft upgradient of the site, and
SWMU14-MW01 is located in the immediate downgradient location, less than 10 ft from the
nearest site soil sampling point. Appendix B presents the analytical data for detected
chemicals in groundwater. Analytical results from unfiltered (total metals) samples indicate
detections of aluminum, antimony, iron, manganese, and vanadium in groundwater
samples at concentrations exceeding the PRGs and MCLs in the well located upgradient
(SWMU 14-MW02), but not in the downgradient well. None of the filtered (dissolved)
metals results show detections above groundwater criteria. While the concentrations of total
metals were higher in SWMU14-MW02 than concentrations detected in downgradient
monitoring well SWMU14-MW01, the dissolved metals were detected at relatively similar
concentrations, indicating that the detections are likely indicative of non-dissolved
(particulate-bound) concentrations. While the upgradient well has higher metals than the
site well, both may be similar to general background conditions. A comparison table of
background levels versus site well levels is included at the end of this section.

An organochlorine pesticide (dieldrin) was detected in well SWMU14-MW01 at a
concentration (0.01 micrograms per liter [µg/L]) that is greater than the PRG (0.004 µg/L).
However, the presence of dieldrin is likely an analytical artifact because it is not very
soluble and thus does not migrate sufficient depths to reach groundwater. While sampling
and analysis data met the data quality requirements according to the functional guidelines,
dieldrin was also detected in blank samples at similar low concentrations levels in Phase II
PA/SI sampling but not in Phase I sampling blanks. In addition, dieldrin was detected in
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subsurface soil samples from other sites. Low levels of pesticides, DDT/DDE, and PCBs
were also reported in Phase I PA/SI blanks. Section 1.0 provides a summary of this
information. For these reasons, and because it was not detected in site subsurface soils, it is
not likely related to the former wash rack activities at SWMU 14.

4.2.2 Contaminant Fate and Transport
In the surface soil at SWMU 14, low levels (i.e., near detection limits) of VOCs (benzene,
toluene, xylenes [BTEX], all petroleum-hydrocarbon-related) and facility maintenance-
related organochlorine pesticides were detected. None of the detected organic chemicals
were greater than screening criteria. In surface soils, several inorganic chemicals were
detected as exceeding the direct-exposure-based screening criteria, and only thallium in
surface soil exceeded the SSL (leachability-to-groundwater) criterion. In subsurface soils,
1,2-DCA was detected in two samples (W14-01 and W14-08) at the same concentration
(0.0003 J mg/kg), which is below the typical detection limit for soil of 0.005 mg/kg. The
blanks from Phases I and II PA/SI had 1,2-DCA at similar concentrations, and thus is not
likely a site-related chemical. The sludge samples previously taken from the OWS, as
mentioned above, do not present a migration concern under current conditions at the site.
Therefore these samples are not analyzed further in this report.

The groundwater analytical results indicated detections of metals and one detection of
dieldrin at 0.01 J µg/L. Higher levels of metals were detected in an upgradient well. None of
the organic chemicals detected in surface and subsurface soils were detected in
groundwater. Though dieldrin was detected in one surface soil sample (W14-SB10), it was
below the screening criteria. Further, the dieldrin detection was not in close proximity to the
well, and subsurface soil from the same location did not have detections of dieldrin (see
Appendix B). It was reported in blank samples from Phase II PA/SI. Thus, detected dieldrin
in the groundwater sample is likely either a sampling or an analytical artifact.

Based on the nature of the surface soil chemicals detected at low levels (see Appendix B),
BTEX-type VOCs are likely to degrade through volatilization, photodegradation, and
biodegradation through bacterial activities in subsurface media, with a relatively small
chance of migrating to subsurface soil through leaching from rain water percolation. Trace
levels of 1,2-DCA and low level, infrequently detected BTEX in subsurface soils indicate that
migration is occurring, although at very low levels. Because the groundwater at the site is at
least 40 ft bls, and site soils are clay rich with low permeability, these low-level
concentrations will likely attenuate within a short distance in the unsaturated soils before
reaching the groundwater. The attenuation processes likely to occur include volatilization,
biodegradation, and surface runoff. The absence of VOCs in groundwater samples from
well SWMU14-MW01 indicates that VOCs have not migrated vertically to groundwater
during the historical operations at the site. Because, detected soil VOCs were lower than
screening criteria for subsurface migration, future contaminant migration is not an issue for
SWMU 14 soils or groundwater.

The inorganic chemicals detected in soil are less than screening criteria for direct exposure
and leachability to the subsurface (i.e., SSL). The only metal found in surface soil above the
SSL was thallium. The detected thallium concentrations are similar to those at other sites in
this area (see Appendix B). Also, thallium was not detected in groundwater located more
than 40 ft bls. The clay-rich soils are likely to retard low-level metals from further migration,
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if dissolved. Therefore, detected thallium near the MDLs is not likely to present a leaching
concern for groundwater. Groundwater in the upgradient well has higher levels of
aluminum, antimony, chromium, iron and manganese, all of which are also known to occur
naturally in background groundwater. Overall, all detected inorganic chemicals in
groundwater could be associated with suspected particulates, as filtered samples did not
have as many detectable metals.

4.2.3 Summary of Data Evaluation
Low levels of VOCs detected in surface and subsurface soils at SWMU 14 were below
screening criteria, are likely to decrease with time, and do not present a future migration
concern. All detected chemicals exceeding screening criteria, though likely the result of the
natural soil and groundwater composition on Vieques Island, were included for a human
health risk evaluation, as summarized in Section 4.4. A comparison of site media
concentrations compared to the background levels is included at the end of this section. The
chemicals that were identified above screening criteria in surface soil, subsurface soil, and in
the downgradient well at SWMU 14 are included in the risk assessment.

4.2.4 Conceptual Site Model
Figure 4-6 presents the CSM for SWMU 14, where potential source material consisting of
small amounts of petroleum hydrocarbons/oils, degreasing solvents and any detergents
used for vehicle cleaning during site operations could have been introduced to the
environment. Metals and inorganic chemicals could also have resulted in contamination,
though to a lesser extent. The former wash rack and associated OWS were removed in
December 2000 and are no longer potential sources of contamination.

The historical vehicle wash operations may have contributed to the soil contamination at the
site. Any significant release to surface soils may have degraded, moved with the flow of rain
water, or leached to subsurface soil. Any such releases have the potential to ultimately reach
subsurface groundwater. Additionally, surface releases that may have attached to soil
particles in surface soil during storm/rain events could run off into the drainage ditch.
Based on the highly volatile and soluble nature of potential contamination from vehicle
washing operations, the conceptually possible migration pathways include volatilization to
the air and leaching to subsurface for some of the operations-related chemicals, such as
VOCs (SVOCs and metals tend to remain bound to surface soil particles and runoff with
storm events). Because the groundwater is approximately 40 ft bls, site soils are tight low-
permeability clays. Thus VOCs are likely to volatilize and degrade prior to reaching
groundwater. If the volume of released solvents is small, it is not likely to reach
groundwater in measurable levels, while metals and SVOCs could remain in site surface
soils at measurable levels from former vehicle washing activities.

The site is within a fenced area of the maintenance yard. The site is inactive, with no
maintenance currently being conducted, and the associated maintenance equipment has
been removed. The only potential human activity is an occasional visit by contractor
personnel. For a conservative estimate of potential exposure and risk, future potential
exposure points and receptors were evaluated assuming unrestricted land use, which
includes recreational, industrial, or residential use. Subsurface soils were evaluated for
future construction worker exposures. Exposures to soil contaminants were assumed to
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occur via incidental ingestion, inhalation of dust particles, and dermal contact. Exposure to
groundwater is a potentially complete pathway for a future industrial worker and a
resident. Exposure to groundwater contaminants could occur via ingestion, and dermal
contact. The inhalation pathway for ground water is not important as none of the identified
COPCs are VOCs. The likely ecological receptors in this developed area are plants and
terrestrial animals. The ecological receptors in this area are described in the Phase I PA/SI
report and are summarized in Section 4.3 below.

4.3 Ecological Assessment Summary for Main Operations
Area (or Public Works Area) Sites: SWMUs 10, 14, 15,
AOCs C and F

An ecological survey was conducted for the sites located within the Main Operations Area
(or Public Works Area). The sites investigated included SWMUs 10, 14, 15, and AOCs C and
F. The plant communities are similar among all these sites. The plant communities mainly
consist of herbaceous species typical of mowed/maintained areas. Maintenance of the
grounds appeared to be main factor effecting the plant community composition and
structure within this area at the time the ecological survey was conducted in 2000.

To determine the relative health of the ecological community within the Main Operations
Area, a comparison was made by selecting a control plot outside of the sites, which is
located southeast of SWMU 14, and comparing the habitat with the sites identified above.
The ecological assessment concluded that there was no significant difference between any of
the sites and the control site, however it was noted that SWMU 10 presented a greater
abundance of some plant species than the control site.

AOC C had higher abundance of hydrophytic vegetation than the other sites because it is a
drainage ditch. SWMU 15, which is an old parking lot was reported to have stressed
vegetation, with domination by an exotic and invasive grass which is not significant. The
stress and decumbent growth is thought to be due to heavy vehicles parked in this area at
the time of the survey (see Figure 4-2). The soil compaction also limits the species diversity
of the site, and small patches of oil stains in the soil were reported in the south central
portion of the site.

The wildlife observed at these sites is typical for developed areas on Vieques Island. Horses
and mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species were observed in this area. The nearby NSRR
located on the main Island of Puerto Rico is identified as habitat for Arctic perigrine falcon,
which prefers to feed in open areas. Since the Main Operations Area is an open area, it could
be a feeding habitat for this species, although none were observed at the site during the
ecological survey.

4.4 Human Health Risk Assessment
This section summarizes the pertinent information contained in the risk assessment for
SWMU 14. Screening data for all of the exposure routes and potential human receptors are
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provided in Appendix D-3 in the RAGS Part D format. A more detailed discussion and
accompanying tables of the risk assessment conducted are presented in Appendix E.

As previously discussed, a total of 14 surface soil and subsurface soil locations and two
monitoring wells were sampled during the Phase I Expanded PA/SI for SWMU 14.
Analytical results were screened against the appropriate criteria and chemicals detected
above criteria were considered COPCs. Aluminum, arsenic, chromium, iron, manganese,
thallium, and vanadium were selected as surface soil COPCs (see Table 4-1). Aluminum,
and iron were identified as COPCs for subsurface soil (see Table 4-2). Thallium exceeded the
SSL in subsurface soils (see Table 4-2), but was not detected in groundwater. Thallium is not
considered a leachability concern based on site-specific information, such as the low
permeability of the clayey soils and the deep water table that is likely to retard the low
levels of thallium concentrations from reaching groundwater. Thallium was below risk-
based criteria, and therefore is not a COPC for risk estimations. One well located within the
site was included for risk evaluation, and the upgradient well was used for comparison
purposes for SMWU 14 and other sites located within the former NASD. The groundwater
in the site well (SWMU14-MW01) contained the COPCs dieldrin and manganese (see Table
4-3).

Exposure pathways for future hypothetical maintenance workers, industrial workers,
construction workers, recreational users, and residential receptors were considered
complete at SWMU 14 (see Table 4-4 and Appendix D-3). All receptors were assumed to be
exposed to surface soils. Because groundwater is deeper than typical construction depths,
groundwater exposure to pathway for construction workers is incomplete. Construction
workers were evaluated for combined surface and subsurface soil exposures for COPCs
identified because of exceedence of industrial RBCs. Only industrial workers and residents
were considered to be exposed to groundwater. This site (SWMU 14) is within the fenced
compound area, which also includes SWMU 15, SWMU 10, and AOC E. Because these sites
are within 1 to 2 acres in area, exposure is likely to be divided between the sites for any
maintenance workers who works in this area. The receptors and exposure assumptions for
this site are considered conservative because this site is not particularly suitable for most
assumed uses and, because of its small size, it is unlikely that a receptor would spend a
significant portion of a work-day or recreational time at this one site. However, exposure
assumptions are based on each receptor spending the entire time within SWMU 14, thus
making the estimates more conservative.

Table 4-5 and the RAGS Part D formatted tables in Appendix D-3 present the risk
characterization summary for the quantitatively evaluated receptors at SWMU 14. The
estimated cancer risks and hazard indices for the receptors identified are summarized
below:

Maintenance Worker
For a maintenance worker, the ELCR for exposure to surface soils is 2.2E-7, which is
significantly less than the acceptable risk range of 1E-4 to 1E-6. The estimated HI for
exposure to surface soils is 0.027, which is also less than the target HI of 1.0 for
noncarcinogenic exposure.
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Industrial Worker
The estimated combined ELCR for an industrial worker exposed to surface soils and
groundwater is 1.6E-6, which is within the acceptable risk range for carcinogenic effects. The
estimated HI of 0.13 for exposure to surface soils and groundwater is below the target HI of
1.0. Therefore, future use of the site for industrial land use is not likely to pose any
exposure-related health concerns to workers.

Construction Worker
The subsurface soil evaluation at SWMU 14 identified aluminum and iron as COPCs.
Subsurface soil was evaluated for potential exposure to construction workers at this site. No
carcinogenic COPCs were identified. The EPCs included both surface and subsurface soil
samples. The HI to a future construction worker is estimated to be 0.24, which is less than
the target HI of 1.0.

Recreational Receptors
The estimated ELCRs for a future recreational adult and child exposed to surface soils is
4.8E-7 and 9E-7, respectively, and are less than the acceptable risk range. The HIs for a
recreational adult and child of 0.057 and 0.47, respectively, are less than the target HI of 1.0.
Thus, there is no unacceptable risk associated with exposure to surface soils for a
recreational adult or child.

Residential Receptors
For a future residential adult and child, the ELCRs are 2.8E-6 and 3.9E-6, respectively. These
are within the EPA acceptable risk range of 1E-4 to 1E-6. The calculated risk is primarily due
to arsenic in surface soils detected at 0.4 to 3 mg/kg, and dieldrin at 0.01 µg/L in
groundwater. The HI for an adult, 0.24, is well within the target value of 1.0 for
noncarcinogenic risks. The HI for a child, 1.6, is slightly above a value of 1.0. The highest
target organ specific HI is 0.86 from iron in groundwater, which did not exceed a value of
1.0. Thus, the overall risks are well within acceptable limits for unrestricted land use.

4.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The arsenic and iron in site soil are compared against the range of background
concentrations as presented in Table 4-6. Table 4-7 presents a comparison of the upgradient
well (SWMU 14-MW01)with the site well (SWMU 14-MW02). As can be observed from these
tables, SWMU 14 soil inorganic chemicals are well within background levels, with a slight
exceedence for arsenic and thallium. These differences are attributable to soil's natural
variability and analytical data reproducibility. Thus, site soil inorganic chemical
concentrations are similar to the background soil inorganic chemical levels.

Manganese was the only inorganic COPC identified in the site groundwater. The levels of
manganese are well below the background range of concentrations as well as below the site-
specific upgradient well levels. Observed groundwater metals are higher in the upgradient
well at SWMU 14, as listed in Table 4-7. As described in PA/SI reports, groundwater in the
shallow water table has low yield and presents a challenge in obtaining low turbidity
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samples. Most of the groundwater samples had high suspended particulates, which may be
responsible for the measured metals. Since potable water is likely to be from much deeper
aquifer, and the shallow groundwater is separate from it by soil and thick rock this may not
be an issue in the deeper potable aquifer. The dissolved metals levels are much lower, and
concentrations are similar across various sites and background wells.

4.6 Summary of Site Risks
The cancer risks at this site are within acceptable limits for the potentially exposed receptors
evaluated in the risk assessment. The HI is greater than 1.0 for residential child but no
individual target organ HI is greater than a value of 1.0. Iron levels in the soil are below 1.0,
and the concentration of iron is lower than background levels in soil. Manganese levels in
groundwater at the site are also lower than background levels. Further, the natural rock
formations on the island are known to have magnetite, which is rich in iron ore (see Section
1.0) and may play a role in the contribution of iron to soils and groundwater.

Iron concentrations in surface soils are within the range of background concentrations found
across the former NASD. Table 4-7 provides a detailed examination of dissolved and
unfiltered metal concentrations in both wells and supports the hypothesis that metals in
groundwater are related to the natural soil mineralogy. The dieldrin reported in
groundwater is likely to be due to sampling or analytical artifacts, as discussed in the DQE
summary portion of Section 1.0. Also, dieldrin has low solubility, it was not detected in any
of the subsurface soil samples as previously discussed. Therefore, there are no site-specific
exposure concerns present in SWMU 14 soils and groundwater from iron, and other metals
are not related to this site. Carcinogenic or noncarcinogenic risks are well within acceptable
limits for all of the receptors and pathways evaluated for SWMU 14.

4.5 Conclusions and Recommendations
No further investigation or remedial action for the soils or groundwater is necessary for the
protection of human health or the environment based on an analysis of available soil and
groundwater sample results and pertinent information for SWMU 14. Based on the risk
assessment, SWMU 14 is suitable for unrestricted land use. Therefore, the selected remedial
alternative for the soils and groundwater at the site is NFA.
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TABLE 4-1
SWMU 14 COPC Selection for Surface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate of

Meana

Residential
PRGb

(HI = 0.1)

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

1 Aluminum 14 14 16,300 4,900 8,471 8,471 7,614 10,000 NA

1 Arsenic 14 13 3 0.4 1.1 1.0 0.39 1.6 29

1 Chromium 14 14 31.5 5.3 15.3 15.3 30.1 64.0 38

1 Iron 14 14 28,300 7,490 16,251 16,251 2,346 10,000 NA

1 Manganese 14 14 907 263 524 524 176 1,946 NA

1 Thallium 14 11 1.7 0.4 0.70 0.59 0.52 6.75 0.7

1 Vanadium 14 14 74.3 19.7 43.7 43.7 55 715 6,000
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document.
(EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 4-2
SWMU 14 COPC Selection for Subsurface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate of
the Meana

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

1 Aluminum 14 14 13,400 5,740 9,020 9,020 10,000 NA

1 Iron 14 14 21,600 10,600 16,886 16,886 10,000 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
cEPA Soil Screening Guidance: Technical Background Document. (EPA, 1996).
http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
NA -- Not available
SSL -- Soil screening level



SECTION 4: SITE-SPECIFIC DECISION SUMMARY FOR SWMU 14– FORMER WASH RACK

GNV31003851547.DOC/031480002 4-12

TABLE 4-3
SWMU 14 COPC Selection for Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Chemical
No. of

Samples
No. of

Detects

Maximum
Detected

Concentration
(µg/L)

Minimum
Detected

Concentration
(µg/L)

Mean
Concentration

of Detects
Best Estimate
of the Meana

Tap Water PRGb

(HI=0.1) MCLc

Dieldrin 1 1 0.01 0.01 0.01 0.01 0.0042 NA

Manganese 1 1 97 97 97 97 87.6 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG, EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c Maximum Contaminant Levels. EPA Office of Water. http://www.epa.gov/safewater/mcl.html
Units in µg/L (ppb)
HI -- Hazard Index
MCL -- Maximum contaminant level
NA -- Not available
PRG -- Preliminary remediation goal
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TABLE 4-4
SWMU 14 Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Maintenance
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in

site surface soils

Yes Scenario is protective of any occasional
maintenance work such as lawn moving.

Industrial
Worker

Surface Soil
and

groundwater

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils and

groundwater

Yes Area could be developed in the future for
industrial use. Both site soil and

groundwater exposure is assumed.
Inhalation exposure to groundwater is

not significant as no volatile COPCs are
identified.

Construction
Worker

Subsurface
Soil

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site subsurface soils

Yes Scenario is protective of any occasional
construction activities at the site.

Recreational
Users

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in

site surface soils

Yes Area could be developed in the future for
recreational use and would be protective

of any occasional trespasser.

Residents Surface Soil
and

groundwater

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils and

groundwater

Yes Although the site is unlikely to be
considered for residential development,

this is a worst-case scenario for
comparison purposes. Inhalation
exposure to groundwater is not

significant as no volatile COPCs are
identified.
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TABLE 4-5
SWMU 14 Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI
Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Maintenance Worker
Surface Soil Surface Soil

1.8E-07 2.7E-10 3.6E-08 2.2E-07 0.0234 0.0018 0.0020 0.02725
Total Total

1.8E-07 2.7E-10 3.6E-08 2.2E-07 0.0234 0.0018 0.0020 0.0273
Industrial Worker

Surface Soil Surface Soil
8.9E-07 1.3E-09 1.8E-07 1.1E-06 0.107 0.009 0.008 0.12

Groundwater Groundwater
5.6E-07 0.0E+00 4.6E-10 5.6E-07 0.009 0.000 0.000 0.009

Total Total
8.9E-07 1.3E-09 1.8E-07 1.1E-06 0.11 0.009 0.01 0.12

Recreational Adult
Surface Soil Surface Soil

3.5E-07 5.2E-10 1.2E-07 4.8E-07 0.047 0.004 0.007 0.06
Total Total

3.5E-07 5.2E-10 1.2E-07 4.8E-07 0.05 0.004 0.01 0.06
Recreational Youth

Surface Soil Surface Soil
8.3E-07 6.1E-10 6.9E-08 9.0E-07 0.437 0.017 0.016 0.47

Total Total
8.3E-07 6.1E-10 6.9E-08 9.0E-07 0.44 0.017 0.02 0.47

Construction Worker
Surface Soil Surface Soil

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.232 0.001 0.003 0.24
Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.23 0.001 0.00 0.24
Residential Adult

Surface Soil Surface Soil
1.2E-06 1.8E-09 1.4E-07 1.3E-06 0.158 0.012 0.008 0.18

Groundwater Groundwater
1.5E-06 0.0E+00 4.6E-10 1.5E-06 0.024 0.000 0.001 0.026

Total Total
1.2E-06 1.8E-09 1.4E-07 1.3E-06 0.16 0.012 0.01 0.18

Residential Child
Surface Soil Surface Soil

2.8E-06 2.0E-09 2.3E-07 3.0E-06 1.472 0.058 0.053 1.58
Groundwater Groundwater

8.8E-07 0.0E+00 4.6E-10 8.8E-07 0.057 0.000 0.003 0.060
Total Total

2.8E-06 2.0E-09 2.3E-07 3.0E-06 1.47 0.058 0.05 1.58
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TABLE 4-6
Background Range of Concentrations for Site Media Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Range of Background
Concentrations

Parameter Units Minimum Maximum
Background

UTL

Maximum
Detected Site
Concentration

Average
Detected Site
Concentration

Surface Soil

Aluminum mg/kg 1,600 29,000 29,000 16,300 8,471

Arsenic mg/kg 0.57 2.5 2.3 3.0 1.1

Chromium mg/kg 2.20 74.0 74.0 31.5 15.3

Iron mg/kg 2,500 39,000 37,531 28,300 16,251

Manganese mg/kg 48 1,200 1,167 907 524

Thallium mg/kg 0.45 0.67 0.67 1.7 0.70

Vanadium mg/kg 9.0 130 130 74 44

Subsurface Soil

Aluminum mg/kg 1,600 29,000 29,000 13,400 9,020

Iron mg/kg 2,500 39,000 37,531 21,600 16,886

Groundwater

Aluminum µg/L 130 3,500 3,500 26,100 13,126

Antimony µg/L 5.1 5.2 5.2 2.3 1.5

Iron µg/L 480 4,800 4,800 32,100 16,124

Manganese µg/L 400 17,000 17,000 1,820 959

Vanadium µg/L 3.5 75 75 108 64

mg/kg = milligrams per kilogram or part per million (ppm)
µg/L = micrograms per liter or parts per billion (ppb)
NA Not available
UTL Upper tolerance limit
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TABLE 4-7
SWMU 14 Summary of Metals Concentrations in Groundwater Wells
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Well Chemical
Concentration

(µg/L) Qualifier

Site Well

SWMU14-MW01 Aluminum 152 J

SWMU14-MW01 Aluminum, Dissolved 25.8 U

SWMU14-MW01 Antimony 1.4 U

SWMU14-MW01 Antimony, Dissolved 1.4 U

SWMU14-MW01 Iron 147 J

SWMU14-MW01 Iron, Dissolved 12.2 =

SWMU14-MW01 Manganese 97 =

SWMU14-MW01 Manganese, Dissolved 84 =

SWMU14-MW01 Vanadium 20.2 J

SWMU14-MW01 Vanadium, Dissolved 20.2 J

Upgradient Wella

SWMU14-MW02 Aluminum 26,100 =

SWMU14-MW02 Aluminum, Dissolved 28 J

SWMU14-MW02 Antimony 2.3 J

SWMU14-MW02 Antimony, Dissolved 2.1 J

SWMU14-MW02 Iron 32,100 J

SWMU14-MW02 Iron, Dissolved 12.2 =

SWMU14-MW02 Manganese 1,820 =

SWMU14-MW02 Manganese, Dissolved 1,160 =

SWMU14-MW02 Vanadium 108 =

SWMU14-MW02 Vanadium, Dissolved 15.3 J
a Well SWMU14-MW02 is upgradient of SWMUs 14, 15 and AOC C, and represents site-
specific background levels.
All values are presented in units of micrograms per liter (µg/L).

= Indicates that the chemical was detected at the concentration shown.
J Indicates an estimated value. One or more quality control (QC) parameters were

outside control limits or the value was detected below the laboratory's quantification
limit.

U Indicates that the concentration was not detected.
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FIGURE 4-1
SWMU 14 Former Wash Rack (2000), Facing South

FIGURE 4-2
SWMU 14 Former Wash Rack (2002), Facing South
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SECTION 5

Site-Specific Decision Summary for
SWMU 15 – Former Waste Transportation
Vehicle Parking Area

5.1 Description
SWMU 15 is the Former Waste Transportation Vehicle Parking Area located in the Public
Works Area, on the northern half of the former NASD near the Transportation Shop (A.T.
Kearney, Inc. and K.W. Bruin & Associates, Inc., 1988). The precise location of the truck
parking was not identified in the EBS, however the general area was identified as the
triangular area included for investigation in the Expanded PA/SI.

A truck in the parking area was reported to have contained 55-gallon metal drums and
overpack drums of a waste labeled as caustic D002 (EPA code for corrosive waste). The
drums allegedly contained Napalm from the NSRR. Based on the technical reports for
Napalm, it is a jelly-like mixture of gasoline and palm oils that is designed to stick to its
target until it burns out. The use of overpack drums suggests that the material inside the
drum may have leaked at one time. Interviews conducted during the EBS indicated that
drums were kept on the truck for more than four months (PMC, 2000). No physical evidence
of a leakage was observed at the site at the time of the investigation. The yard is no longer
used for any truck storage, and the reported vehicle is no longer at the site. The entire area
where trucks were parked was investigated as SWMU 15, as the vehicle may have been
moved around the area. Historical records did not identify the specific location of the
potential release. The investigations conducted to date at the site were reported in the Phase
I PA/SI Report (CH2M HILL, October 2000). This section reevaluates much of the existing
information to determine the potential risks to human health and the environment from
current site conditions and future unrestricted land use. Figure 5-1/5-2 is a photo depicting
the site when it was still partially active in 2000, later photos can be reviewed of the
conditions of the site in 2002 after all activities ceased and the area was fenced in. SWMU 15
is the grassy area where the vehicles were parked.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including SWMU 15. The summary included the site background information, physical
characteristics, site hydrogeological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.
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5.2 Site Characterization
5.2.1 Nature and Extent of Contamination
The Expanded PA/SI field investigation at SWMU 15 included the installation and
sampling of one monitoring well, and the collection of 16 surface soil samples from 0 to 6
inches bls. No subsurface soil samples were collected from this site. As the first step during
the PA/SI, only surface soil samples were proposed for collection. If surface soil had
indicated that contamination levels were greater than screening criteria for leachability, then
subsurface soils would have been collected. The basis for not including subsurface soil
sampling as the first step was because no contamination was expected in this medium
because of the soil-binding nature of most of the suspected contamination (i.e., Napalm).
However, the groundwater was sampled as a conservative assessment measure. Also, OVM
measurements were taken from the subsurface soils from the core material during the
monitoring well installation all the way to a depth of 53 ft bls. The results were included in
Appendix B of the Phase I PA/SI report, which indicated that there were no VOCs detected
(the maximum positive results were near the instrument detection limit, at 0.4 ppm OVM
units). Therefore, subsurface soil samples were not collected from the SWMU 15 parking
area. Surface soil samples were collected from grid locations evenly placed from each other
across the site to ensure that the entire area was uniformly investigated.

The monitoring well associated with SMWU 14, which is northeast of this site, is located in
the general downgradient location of the SWMU 15 area. The samples were analyzed for
metals, VOCs, SVOCs, pesticides, and PCBs. Figure 5-3 shows the soil sampling locations
for SWMU 15, and shows its proximity to SWMU 14. Figure 5-4 presents any chemical
exceedances identified for surface soil and groundwater samples. The data are presented for
each sample result for all detected chemicals in Appendix B, and a statistical summary
indicating the range of detected concentrations is presented in Appendix C. All samples
analyzed, including detected and non-detected concentrations, were included in Section 9.0
of the Phase I Expanded PA/SI Report (CH2M HILL, October 2000).

Surface Soil Results
A total of 16 surface soil samples (0 to 6 inches bls) were collected on a grid within the
former vehicle parking lot to evaluate whether a release of Napalm or any other hazardous
materials to surface soil occurred as a result of a potential leak from the stacked drums on
the previously parked truck.

Soil samples contained mostly inorganic chemicals, with two samples containing
benzo[a]pyrene, a PAH, above screening criteria. All detected chemicals were screened
against PRGs. Several inorganic chemicals (aluminum, arsenic, chromium, iron, manganese,
vanadium, and thallium) were detected in surface soil samples at concentrations exceeding
either the residential PRG (HI=0.1) and/or leachability screening criteria (i.e., SSLs). The
total chromium concentrations were compared against hexavalent chromium PRG values
for a conservative evaluation. Additionally, one sample had benzo[a]pyrene at 0.071J, which
exceeded the criteria, compared to a PRG value of 0.062 mg/kg. Potential sources for the
detected PAHs are either the leaked vehicle oils or asphalt material mixed in with material
from the partially graveled parking lot, considering the site is a former vehicle parking area.
PAHs are commonly present in burned oils and asphalt material. The metals were detected
in all surface soil samples at relatively similar concentrations between samples from this
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site, and similar concentrations were also detected at other sites within the former NASD. A
comparison of surface soil inorganic chemicals against background are included at the end
of risk assessment section below. Table 5-1 summarizes surface soil screening results, which
are shown in Figure 5-4. Appendix B contains sample-specific detections compared with
criteria, and Appendix C presents the statistical summaries of the data.

Groundwater Results
Groundwater generally flows to the north toward the ocean from the Public Works Area.
One monitoring well was installed downgradient of the location in which the truck
reportedly was parked to evaluate whether a release of hazardous materials to groundwater
had occurred as a result of a potential leak from the drums. The soil boring was analyzed for
presence of volatile chemicals during field work using a field OVM measurement; the
results did not indicate the presence of VOCs in the subsurface. Appendices B and D include
the groundwater data for the well. There were no organic chemicals detected in the
groundwater sample. Only inorganic chemicals were reported above the detection limits. Of
the detected parameters, aluminum, antimony, chromium, iron, manganese, and vanadium
were greater than tap water PRGs (HI=0.1) or MCLs. Filtered samples showed these metals
to be 3 to 10 times less than unfiltered samples, indicating these metals concentrations are
likely associated with turbidity in the samples. As previously discussed in the PA/SI reports
and in Section 1.0 of this report, most of the well samples from the sites within the Public
Works Area had relatively high turbidity due to low yield of the water table in the shallow
depths at about 40 to 50 ft screen intervals. Table 5-2 presents the COPC selection for
groundwater.

The nearby well from SMWU 14 also had only metals detected, and concentrations were
similar to those detected in the SWMU 15 well. The site groundwater did not have any
petroleum constituents expected from Napalm-related contamination. All the detected
chemicals above screening criteria are included for risk assessment as COPCs. A comparison
of site groundwater levels with background levels is included at the end of this section.

5.2.2 Contaminant Fate and Transport
If a Napalm release had occurred, detections of VOCs or SVOCs would be expected in the
surface soil, in the subsurface soil OVM readings during well installation, or in the
groundwater at the site. Soil concentrations of chemicals expected from the potential source
material were all less than screening criteria, indicating that either a release did not occur, or
that the chemicals have attenuated with time from surface soil. Napalm is a combination of
polystyrene, gasoline, benzene, and palm oils, thus potential COPCs are mostly petroleum
hydrocarbons. Only metals were detected in soil and groundwater at SWMU 15 at
concentrations greater than screening criteria; these detected concentrations are similar to
those found across the former NASD. Of the 16 surface soil samples, two indicated the
presence of PAH constituents at concentrations ranging between 0.30 and 0.42 mg/kg,
compared to a typical reporting limit level of 0.33 mg/kg. The detected PAHs tend to remain
in surface soil and slowly undergo photodegradation with time. The area of the site is a
former parking lot, and these chemicals could be associated with engine oil leaks from the
parked vehicles, or from asphalt material in the gravel present at the site. The infrequent
low-level detections are not likely to pose a threat by migration in the future.

The groundwater at the site is approximately 50 ft bls, and soils in the unsaturated zone
consist of clayey sands and sandy clays (see Section 1.0). Lenses of poorly sorted sands were
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also observed during geological investigations at AOC E, in proximity to SWMUs 15 and 14,
slightly northeast, within the fenced area of this former facility maintenance area.
Groundwater from this area flows in general northerly direction toward the ocean following
the topography. Because the unsaturated soils are thick (40 to 50 ft), releases had to be large
and soluble, thus mobile enough to penetrate through unsaturated soils to reach sufficient
depths to be measurable in subsurface soil and groundwater. Any direct exposure concerns
are addressed in the human health risk assessment included in this evaluation.

5.2.3 Summary of Data Evaluation
Surface soil and groundwater samples from SWMU 15 were analyzed for VOCs, SVOCs,
pesticides, PCBs, and metals. Only metals were detected above screening criteria in soil and
groundwater at this site which are included for risk assessment as COPCs. None of the
organic chemicals associated with a potential release of Napalm or other drummed
hazardous wastes were detected above criteria in either soil or groundwater, indicating that
site environmental media are not impacted from past potential releases, as suspected. Future
migration potential is not identified as significant based on nature and extent of the detected
chemicals as discussed previously.

 5.2.4 Conceptual Site Model
Figure 5-5 presents the exposure CSM for SWMU 15. This area is characterized by flat land
and is triangular in shape. The site is within the fenced area, southwest corner of the Public
Works Area, directly west of the former vehicle wash rack area (SWMU 14). The entire site is
currently overgrown with weeds and grass, with patches of gravel still visible during the site
inspection. The suspected source of contamination at SWMU 15 is potentially leaking drums
stacked in the back of an open bed pickup truck parked in the area, as identified by old
photographs.

Napalm is generally a combination of polystyrene, gasoline, benzene, and palm oils, thus
potential COPCs are mostly petroleum hydrocarbons. Past releases may have contributed to
surface soil contamination with petroleum hydrocarbons and polystyrene emulsified with
palm oils. Any release of this jelly-like substance, which is designed to stick to a target, is
likely to bind to surface soil, and degrade with time due to photo-oxidation. Lighter portions
of the petroleum constituents tend to volatilize, though at a possibly altered rate because of
the presence of palm oils. Potential migration through soil to the subsurface is possible given
the palm oils in Napalm, which in turn trap more volatile components of the mixture and
prevent them from migrating further. Thus, subsurface migration is not a significant
pathway based on the nature of this unique material.

The primary medium of interest at SWMU 15 is the surface soil. Subsurface soil did not have
any detectable volatile chemicals in the field measurement techniques used through OVM
measurements. The groundwater has the least likelihood of being contaminated, based on
the site characterization and nature of the reported release (i.e., Napalm), as previously
discussed. However, all detected chemicals were screened against criteria and chemicals
identified above criteria are included in the risk assessment. There are no drainage features
associated with the site. Therefore, no surface water/sediment contamination is expected
from surface runoff.

The potential ecological receptors are described in Section 5.3 below, and include terrestrial
plants and animals, and human receptors include workers, trespassers/recreational visitors,
and under unrestricted land use, residential receptors. Table 5-3 presents the potentially
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complete exposure pathways and receptors for the site. The site is much smaller than the
typical exposure unit size of 0.5 acres. Groundwater is evaluated for potential potable use by
unrestricted land use-based receptors such as future industrial workers and residents. The
following section presents further details on the receptors evaluated in the risk assessment.

5.3 Ecological Assessment Summary for Main Operations
Area (or Public Works Area) Sites: SWMUs 10, 14, 15,
AOCs C and F

An ecological assessment and survey was conducted as part of the Phase I and Phase II
PA/SI for all the sites within PWA area as one evaluation summary. Both plant and animal
communities were surveyed during this assessment.

The plant communities were similar among all these sites and were all located in the former
NASD Public Works Area/Main Operations Area. The plant communities mainly consisted
of herbaceous species typical of mowed/maintained areas. Ground ,maintenance appeared
to be main factor effecting the plant community composition and structure within this area
at the time of the ecological survey conducted in 2000. A comparison was made by selecting
a control plot outside of the sites, located southeast of Public Works Area and comparing the
habitat from the control area with the sites within Main Operations Area of the former
NASD. The ecological assessment concluded that there was no significant difference
between any of the sites and the control area.

SWMU 15, which is an old parking lot was reported to have stressed vegetation, with
domination by an exotic and invasive grass which is not significant. The stress and
decumbent growth is thought to be due to heavy vehicles parked in this area at the time of
the survey (see Figure 4-2). The soil compaction also limits the species diversity of the site,
and small patches of oil stains in the soil were reported in the south central portion of the
site.

Wildlife observed at these sites is typical for developed areas on Vieques. Horses and
mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species observed in this area. Nearby Naval Station
Roosevelt Roads located on the main Island of Puerto Rico is identified as habitat for Arctic
perigrine falcon which prefers feeding in open areas. Since the Main Operations Area is an
open area, it could be a feeding habitat for these falcon, though none were observed at the
site during the survey.

5.4 Human Health Risk Assessment
Section 1.0 presents the general approach used for the risk assessment. The risk calculations
were included in tables using the RAGS Part D format for all the sites in this NFA report,
including SWMU 15. This section summarizes the pertinent information contained in the
risk assessment for this site. The complete risk assessment and accompanying tables can be
found in Appendix E.
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The data used in this risk assessment was collected as part of the Phase I expanded PA/SI,
which included data validation and DQE. A summary of the DQE was included in Section
1.0 of this report. A total of 16 surface soil locations and one monitoring well were sampled
during the PA/SI for SWMU 15. A semi-quantitative volatile monitoring using an OVM did
not indicate presence of volatile organic chemicals in the subsurface soils at this site.

Analytical results for surface soil and groundwater were screened against the appropriate
criteria, and chemicals detected above criteria were considered COPCs. Aluminum, arsenic,
chromium, iron, manganese, thallium, vanadium, and benzo[a]pyrene were selected as
surface soil COPCs (see Table 5-1). In groundwater, the following metals exceeded
screening criteria and were selected as groundwater COPCs: aluminum, antimony,
chromium, iron, manganese, and vanadium (see Table 5-2).

The exposure pathways evaluated included maintenance workers, industrial workers,
recreational users, and residential receptors at SWMU 15 (see Table 5-3). All receptors were
assumed to be exposed to surface soils. Groundwater exposures were evaluated for
industrial workers and residents. This site is within the fenced compound area, which also
includes SWMU 14, SWMU 15, AOC C, and AOC E. Because these sites are located within a
1 to 2-acre area, exposure is likely to be uniform and divided between the sites for workers.
The upgradient well located across the street from SWMUs 14 and 15, and installed in
association with SWMU 14 investigations can be considered a background well for all the
sites within this complex listed above. A comparison of site well inorganic chemical
concentrations with background inorganic chemical concentrations are included at the end
of this section. Table 5-4 presents the risk characterization summary for the quantitatively
evaluated receptors at SWMU 15.

Maintenance Worker
For a maintenance worker, the ELCR for exposure to surface soils is 3.1E-7, which is less
than the acceptable risk range of 1E-4 to 1E-6. The estimated HI for exposure to surface soils
is 0.02 and is less than the target HI of 1.0 for noncarcinogenic exposure. Thus, site media do
not present unacceptable health risks to maintenance workers.

Industrial Worker
The estimated combined ELCR for an industrial worker exposed to surface soils and
groundwater is 1.5E-6. Benzo[a]pyrene and arsenic were the only carcinogenic COPCs in
soils; there were no carcinogenic COPCs in groundwater. The estimated ELCR is within the
acceptable risk range for carcinogenic effects. The estimated HI of 0.77 for exposure to
surface soils and groundwater is less than the target HI of 1.0. Thus, the site is suitable for
altered industrial uses where workers may spend longer period of time at the site, as
exposures to soil and groundwater would not result in excessive risk.

Recreational Receptors
The estimated ELCR for a recreational adult and child (e.g., nearby residents visiting the
site, trespassers, visitors) exposed to surface soils is 6.9E-7 and 1.2E-6, respectively, and is
within the acceptable risk range. The HI of 0.052 and 0.4, respectively, is less than the target
HI of 1.0. Thus, the exposures to site media for offsite public receptors visiting the site, as
conservative exposure assumptions evaluated in this risk assessment did not result in
unacceptable risks.
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Residential Receptors
For a residential adult and child, the ELCR is 1.8E-6 and 4.0E-6, respectively, which is within
the EPA acceptable risk range of 1E-4 to 1E-6. The HI for an adult is 2.1 and for a child is 6.0.
The target organ-specific HI is at a value of 1.0 for iron in groundwater for an adult. For a
child, target organ totals were at a value of 1.0 for respiratory tract-based HI, and at 2.95 for
gastrointestinal tract endpoint, as presented in Appendix D-4.

5.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The concentrations of inorganic chemicals identified as COPC in site soil are compared
against the range of background concentrations, as presented in Table 5-5.

As can be observed from Table 5-5, SWMU 15 soil inorganic chemicals are well within
background levels, with a slight exceedence for arsenic and thallium. The levels of arsenic,
thallium and other inorganic chemicals are similar in concentrations to surface and
subsurface soil concentrations from other sites in the area, indicating area soil mineralogy
contains these chemicals at the observed concentrations. Thus, these concentration
differences between offsite background and sites within the former Public Works Area are
attributable to soil natural variability and analytical data reproducibility. Site soil inorganic
chemical concentrations are similar to the background soil inorganic chemical levels.

Aluminum, antimony, chromium, iron, manganese and vanadium were identified as
inorganic COPCs in groundwater. Of these, aluminum, chromium, and iron were higher in
SWMU 15 wells than the general background wells. However, these levels are lower than
those detected in upgradient well from SWMU 14 (see Table 4-7). As described in the PA/SI
reports groundwater in the shallow water table has low yield and presents a challenge in
obtaining low turbidity samples. Wells were pumped dry during sampling due low water
yields. Most of the groundwater samples had high suspended particulates which may be
responsible for the measured metals. Since potable water is likely to be from much deeper
aquifer, and the shallow groundwater is separated from it by soil and thick rock this may
not be an issue for a future exposures for the deeper potable aquifer. The dissolved metals
levels are much lower, and concentrations are similar across various sites and background
wells. Thus, observed metals in shallow groundwater are not considered natural to the area,
and are partially resulting from sampling difficulty.

5.4 Summary of Site Risks
Samples were collected across the entire suspected area from evenly placed grids. Site soil
samples had mostly inorganic chemicals greater than screening criteria, with two samples
reported near detection limit concentrations of PAHs. Because the PRG values are also near
the detection limit, these PAHs were selected as COPCs. Groundwater had only inorganic
chemicals detected. Except for aluminum, all other detected inorganic chemicals were
within the range of concentrations detected at other sites within the former NASD, as well
as the background investigation reported concentration ranges. Similar elevated aluminum
and iron were detected in a well upgradient of SWMU 14 adjacent to SWMU 15 (see
Appendix E).
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No future contaminant migration concerns were identified for the site environmental media,
as no Napalm-related contamination was identified, and detected concentrations were
within the screening levels for all organic chemicals for cross media migration.

The human health risks were estimated assuming future unrestricted as well as industrial
land use. All the carcinogenic risks were within acceptable limit ranges, between 1 to 100 in
a million (10-6 to 10-4) levels. The HI was above a value of 1.0, for a future residential child
consuming soils at an ingestion rate of 200 mg/day, and drinking groundwater from the
shallow aquifer at 1 L/day, exclusively from SWMU 15 area. This estimated HI greater than
1.0 is primarily from iron in soil and groundwater.

The cancer risks and health hazard effects for SWMU 15 are within acceptable limits for
maintenance workers, industrial workers, recreational receptors, and residential receptors.
The overall risk to future residents is within the range of acceptable risks. For a residential
adult and child, the HI exceeds a value of 1.0, primarily from iron in groundwater.
However, there is no historical evidence to suggest any activities at this site would have
resulted in the release of metals to surface soils. Iron concentrations in soils are within the
range of background soil iron concentrations for former NASD and may be related to iron-
rich ores widely reported for Vieques Island (CH2M HILL, July 2001).

The groundwater in well SWMU14-MW01 is upgradient of sites within this maintenance
complex area. The groundwater iron level in this upgradient well is higher than the site
wells at SWMU 15, indicating iron in general in the regional groundwater is above risk-
based concentrations, however, represents background conditions for the area. Therefore,
the health hazard index estimated for soil at SWMU 15 should not be considered site-
related. No further investigation or remedial action for the soils or groundwater is necessary
for the protection of human health or the environment at SWMU 15, and the selected
remedial alternative for the soils and groundwater at the site is NFA.

5.5 Conclusions and Recommendations
The absence of human health risks above acceptable limits for any of the receptors evaluated
under conservative exposure assumptions indicates that restricted access is not warranted
for this site to protect human health from exposure to site media. Specifically, no further
investigation or remedial action for the soils or groundwater is necessary for the protection
of human health or the environment based on an analysis of available soil and groundwater
sample results and pertinent information for the site. In addition, no further groundwater
monitoring will be required under CERCLA as a result of the recommended NFA
alternative. Therefore, the selected remedial alternative for the soils and groundwater at
SWMU 15 is NFA.
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TABLE 5-1
SWMU 15 COPC Selection for Surface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Chemical
No. of

Samples
No. of

Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate
of Meana

Residential
PRGb

(HI = 0.1)

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

Benzo[a]Pyrene 17 2 0.071 0.053 0.062 0.404 0.062 0.21 8.0

Aluminum 16 16 21,400 5,030 8,161 8,161 7,614 10,000 NA

Arsenic 16 15 4.8 0.45 1.29 1.22 0.39 1.6 29

Chromium, Total 16 16 47.5 6.6 14.6 14.6 30.1 64.0 38

Iron 16 16 30,100 11,900 16,381 16,381 2,346 10,000 NA

Manganese 16 16 786 370 632 632 176 1,946 NA

Thallium 16 11 0.85 0.33 0.546 0.422 0.52 6.75 0.70

Vanadium 16 16 95.9 34.6 47.9 47.9 55 715 6,000
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
N -- Number of samples
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 5-2
SWMU 15 COPC Selection for Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Chemical
No. of

Samples
No. of

Detects

Maximum
Detected

Concentration
(µg/L)

Minimum
Detected

Concentration
(µg/L)

Mean
Concentration

of Detects

Best
Estimate of
the Meana

Tap Water
PRGb

(HI=0.1) MCLc

Aluminum 1 1 8,700 8,700 8,700 8,700 3,650 NA

Antimony 1 1 1.5 1.5 1.5 1.5 1.5 6.0

Chromium 2 2 30.8 2 16.4 16.4 11.0 100.0

Iron 1 1 10,100 10,100 10,100 10,100 1,095 NA

Manganese 1 1 458 458 458 458 88 NA

Vanadium 1 1 43.5 43.5 43.5 43.5 26 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c Maximum Contaminant Levels. EPA Office of Water. http://www.epa.gov/safewater/mcl.html
Units in µg/L (ppb)
HI -- Hazard Index
MCL -- Maximum contaminant level
NA -- Not available
PRG -- Preliminary remediation goal



SECTION 5: SITE-SPECIFIC DECISION SUMMARY FOR SWMU 15–FORMER WASTE TRANSPORTATION VEHICLE PARKER AREA

GNV31003851548.DOC/031480015 5-11

TABLE 5-3
SWMU 15 Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Maintenance
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Scenario is protective of any occasional
maintenance work such as lawn moving.

Industrial
Worker

Surface Soil
and

groundwater

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils and
groundwater

Yes Area could be developed in the future for
industrial use. Both site soil and
groundwater exposure is assumed.
Inhalation exposure to groundwater is
not significant as no volatile COPCs are
identified.

Recreational
Users

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Area could be developed in the future for
recreational use and would be protective
of any occasional trespasser.

Residents Surface Soil
and

groundwater

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils and
groundwater

Yes Although the site is unlikely to be
considered for residential development,
this is a worst-case scenario for
comparison purposes. Inhalation
exposure to groundwater is not
significant as no volatile COPCs are
identified.
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TABLE 5-4
SWMU 15 Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI
Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Maintenance Worker
Surface Soil Surface Soil

1.8E-07 2.9E-10 7.2E-08 2.6E-07 0.0208 0.0019 0.0019 0.02453
Total Total

1.8E-07 2.9E-10 7.2E-08 2.6E-07 0.0208 0.0019 0.0019 0.0245
Industrial Worker

Surface Soil Surface Soil

1.1E-06 1.4E-09 3.5E-07 1.5E-06 0.094 0.009 0.007 0.11
Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.645 0.000 0.018 0.662
Total Total

1.1E-06 1.4E-09 3.5E-07 1.5E-06 0.09 0.009 0.01 0.11
Recreational Adult

Surface Soil Surface Soil

4.6E-07 5.6E-10 2.4E-07 6.9E-07 0.042 0.004 0.006 0.05
Total Total

4.6E-07 5.6E-10 2.4E-07 6.9E-07 0.04 0.004 0.01 0.05
Recreational Youth

Surface Soil Surface Soil

1.1E-06 6.6E-10 1.4E-07 1.2E-06 0.388 0.017 0.015 0.42
Total Total

1.1E-06 6.6E-10 1.4E-07 1.2E-06 0.39 0.017 0.01 0.42
Residential Adult

Surface Soil Surface Soil

1.5E-06 1.9E-09 2.8E-07 1.8E-06 0.140 0.013 0.008 0.16
Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.805 0.000 0.134 1.939
Total Total

1.5E-06 1.9E-09 2.8E-07 1.8E-06 0.14 0.013 0.01 0.16
Residential Child

Surface Soil Surface Soil

3.6E-06 2.2E-09 4.6E-07 4.0E-06 1.306 0.059 0.050 1.41
Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.211 0.000 0.413 4.624
Total Total

3.6E-06 2.2E-09 4.6E-07 4.0E-06 1.31 0.059 0.05 1.41
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TABLE 5-5
Background Concentrations in Site Media Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Range of
Background

Concentrations

Parameter Units Minimum Maximum
Background

UTL

Maximum
Detected Site
Concentration

Average
Detected Site
Concentration

Surface Soil

Aluminum mg/kg 1,600 29,000 29,000 21,400 8,161

Arsenic mg/kg 0.57 2.5 2.3 4.8 1.3

Chromium mg/kg 2.2 74 74 48 15

Iron mg/kg 2,500 39,000 37,531 30,100 16,381

Manganese mg/kg 48 1,200 1,167 786 632

Thallium mg/kg 0.45 0.67 0.67 0.85 0.55

Vanadium mg/kg 9.0 130 130 96 48

Groundwater

Aluminum µg/L 130 3,500 3,500 8,700 8,700

Antimony µg/L 5.1 5.2 5.2 1.5 1.5

Chromium µg/L 3.7 6.8 6.8 30.8 NA

Iron µg/L 480 4,800 4,800 10,100 10,100

Manganese µg/L 100 17,000 17,000 458 458

Vanadium µg/L 1.8 75 75 44 44

mg/kg = milligrams per kilogram or part per million (ppm)
µg/L = micrograms per liter or parts per billion (ppb)
NA Not available
UTL Upper tolerance limit
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FIGURE 5-1/5-2
SWMU 15 Waste Transportation Vehicle Parking Area
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SECTION 6

Site-Specific Decision Summary for
AOC B – Former Wastewater Treatment Plant

6.1 Description
AOC B is the Former Wastewater Treatment Plant (WWTP) that served the officers’ quarters
and other administrative buildings for municipal sewage-types of discharges at the former
NASD. The WWTP was in operation from 1983 to 2000. AOC B is located at the southwest
end of the former Public Works Area, and the WWTP served as the primary domestic
wastewater treatment system. The WWTP consisted of one aeration tank and one separation
tank with two blowers to supply air for biological treatment. As the WWTP is no longer in
service, the treatment lagoons are now dried up and overgrown with shrubs and tall
grasses. The area is only wet during occasional heavy rainfall. Photographs of the site are
provided as Figures 6-1 and 6-2.

Effluent from the WWTP drained into a series of four self-contained lagoons with no
discharge point. The lagoons were lined with compacted clay. The lagoon area is
surrounded by an 8-ft-high cyclone fence as an access control measure to limit wildlife
access to the site. According to the EBS (PMC, 2000), an anomaly was noted in this area,
indicating former Navy use. The site was then investigated as part of the Phase II PA/SI for
the potential presence of hazardous waste. There are no releases of wastes to AOC B other
than municipal wastes. The Final Expanded PA/SI Report – Phase II (CH2M HILL,
November 2002) found no evidence of the presence of hazardous wastes, and recommended
that this site be considered for NFA status. This section includes a risk assessment for
various exposure scenarios at the site under future land use, including unrestricted
(residential) land use.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including AOC B. The summary included the site background information, physical
characteristics, site hydro-geological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.

6.2 Site Characterization
6.2.1 Nature and Extent of Contamination
Figure 6-3 presents the location of the soil boring samples collected at AOC B. A total of 16
surface soil (0 to 0.5 ft bls) and 16 subsurface soil (4.5 to 6 ft bls) samples were collected in
two sampling phases from 16 locations (within the dried-up lagoons) at AOC B as part of
the Phase II PA/SI investigation. The details of the PA/SI findings and data collected were
included in Section 3.0 of the Phase II PA/SI Report (CH2M HILL, 2002). The samples were
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collected from soil boring locations within the lagoons, as shown on Figure 6-3. The samples
were analyzed for a complete TCL/TAL list including, metals, VOCs, SVOCs, pesticides,
and PCBs. Surface and subsurface data soil screening tables are presented in Appendix B. In
addition, one sample from the aereation tank was collected and analyzed for the full
TCL/TAL list (see Appendix B). This water sample had trace levels of SVOCs and metals,
none of which were above their respective MCLs or PRGs. The set of screening criteria used
for comparison is presented in Appendix I of this report.

Detections of metals in surface and subsurface soils from the bottom of the lagoons were
compared against the background soil concentrations at the end of risk assessment
discussions below. Some of the VOCs and SVOCs were detected at concentrations near
detection limits, as presented in Appendix B and in Appendix D-5 in RAGS Part D format.
None of the detected organic chemicals were above the applicable screening criteria.
Summaries of surface and subsurface soil exceedances are presented in Tables 6-1 and 6-2,
respectively, and are shown on Figure 6-4.

Surface Soil Results
Surface soil samples were collected with stainless-steel hand augers and bowls to a depth of
6 inches (0.5 ft) bls. In general, these soils were dark brown-colored silty clay. Soils were dry
during sampling. The analytical results indicated detections of aluminum, arsenic, iron,
manganese, thallium, and vanadium in surface soil samples at concentrations above the
residential PRGs (HI =0.1) for noncarcinogenic chemicals.

Subsurface Soil Results
Subsurface soil samples were collected from depths ranging between 4.5 to 6 ft bls. These
soils were observed to be light-colored, with soil type consisting of sand or sandy silt, and
dry. They were collected below the surface soils at the same boring location just below the
lagoon compacted clay liner. Detected chemicals were screened against industrial worker
PRGs and the screening criteria for leachability (i.e., SSLs). Trace levels of VOCs detected in
surface soil were not detected in subsurface soil from the same sample locations. None of
the detected VOCs were above screening criteria (see Appendix D-5). Of the detected
inorganic chemicals, aluminum and iron were selected as COPCs in subsurface soil, as they
were above industrial PRG values, and were included for a construction worker exposure
evaluation. All detected subsurface soil inorganic chemicals were compared against
background levels. A description of these levels is found at the end of this section.

6.2.2 Contaminant Fate and Transport
Site surface soil and subsurface soil data did not indicate the presence of a contamination
source suspected during the EBS. Some organic chemicals were detected in surface soil, but
were well below any of the screening criteria. These chemicals were not detected in
subsurface soil samples from the same location, thus indicating they are not leaching. Also,
as summarized in Section 1.0 of this report, during the DQE some of these chemicals were
identified as being present in blank samples as well, and thus my not be specific to the site
at these trace levels. Some of the inorganic chemicals that were detected were above PRGs in
both surface and subsurface soils. These chemicals are also common to background soils,
and are compared against background levels at the end of this section. The detected
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inorganic chemicals in surface soil are aluminum, arsenic, iron, manganese, thallium, and
vanadium. The detected chemicals in subsurface soil are aluminum and iron.

The site soils at AOC B are clayey at the bottom of the lagoon, with silty-sands in the deeper
samples collected up to 6 ft bls. Groundwater in this area is greater than 40 ft bls. The
organic chemicals detected in site surface soil were not detected in subsurface soil from the
same location, with the exception of phthalates, which are also common laboratory
contaminants (see DQE summary in Section 1.0). These chemicals do not present a
leachability concern due to their infrequent detection at concentrations much lower than
screening criteria for leachability (see Appendix B and Appendix D-5).

Inorganic chemicals were not detected above their respective SSLs, when the criterion is
available from EPA. The dissolved portions of these inorganic chemicals are likely to be
retarded from migrating to the water table due to the dry clay soils that are more than 40 ft
thick above the water table. Thus, the vertical migration through the soil column is not
significant at the site. Because there are no site-specific migration pathways, offsite
migration is not likely. Potential exposure points consist of direct contact lagoon soils, and
the exposure pathways for these soils are evaluated in a risk assessment summarized below,
and detailed in Appendix E.

6.2.3 Summary of Data Evaluation
Analytical results of the surface and subsurface soil samples indicate detections of metals
above the EPA Region 9 residential PRGs, and subsurface soil metals concentrations above
industrial PRG criteria. These constituents will therefore be evaluated as COPCs in the risk
assessment included below. No constituents were detected above leachability or risk-based
criteria in subsurface soils. All other surface and subsurface soil parameters analyzed were
either not detected, or were detected below their applicable screening criteria.

Based on the sampling data, there is no evidence indicating that a hazardous waste release
has occurred at AOC B, as was suspected during the EBS (PMC, 2000). No site-specific
contamination was identified during the extensive sampling conducted at this site.

6.2.4 Conceptual Site Model
Figure 6-5 presents the CSM for AOC B following the methodology described in Section 1.0.
The CSM for AOC B is based on the nature of contamination identified during the study
conducted as part of Phase II PA/SI. Possible contaminant migration pathways, potential
receptors, and routes of exposure based on future potential land uses (i.e., unrestricted)
were evaluated.

AOC B is likely to have received domestic wastewater releases during its operation. The EBS
recommended further investigation due to the suspicion that potential releases of hazardous
wastes may have occurred (PMC, 2000). However, there were no documented releases of
any hazardous substances at the site. The domestic wastewater released in the past was
from nearby residential buildings used by Navy personnel. Any releases to the drainage
system of the WWTP likely reached the aeration and separation tank, and the overflow may
have been released to the four lagoons. The fate of wastes entering the lagoon depended on
the nature of the wastes. If the wastes had low solubilities, such as metals or SVOCs, they
would have likely settled in the tanks and may have been released to the lagoons through
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suspended particulates from the sediment material. If the wastes were released to the
lagoons directly, they would be present most likely in surface soils/sediments at the bottom
of the ponds.

Secondary migration pathways for highly soluble chemicals, if released to the lagoons,
could include infiltration to subsurface soils and groundwater. Surface runoff and offsite
release to drainage ways is not an important migration pathway for this site because
releases would have been directly discharged into the lagoon.

Analytical results of the surface and subsurface soil samples collected from this site had
only inorganic chemicals above the screening criteria for direct exposure and leachability to
groundwater. No organic chemicals were identified above screening criteria. Based on the
analytical data, potential exposure pathways could be identified as exposures to surface soil,
while leachability was not considered significant because of the lack of soluble/mobile
chemicals in site media as indicted in the screening against SSL values.

Potential exposure points included areas where human activities are likely and could result
in physical contact with contaminated media. Overgrown vegetation at this site indicates
that the facility is inactive, with no human receptors present at the site. If the former WWTP
is reused, the workers involved with vegetation control and maintenance may be exposed to
soils lining the low-lying areas. A future industrial worker is likely to be exposed in a
manner similar to a maintenance worker, assuming the site remains a WWTP. If the site is
classified for unrestricted land use in the future, exposure to other receptors is possible and
could include residential receptors. Residential exposure routes include direct contact with
the soils lining the dry lagoons. None of the contents of tanks, drain pipes, or other enclosed
structures are available for direct contact.

6.3 Ecological Assessment Summary for Main Operations
Area (or Public Works Area) Sites: SWMUs 10, 14, 15,
AOCs C and F

An ecological survey was conducted for the sites located within the Main Operations Area
(or Public Works Area). The sites investigated included SWMUs 10, 14, 15, and AOCs C and
F. AOC B was not specifically mentioned in the ecological survey reports, which could be an
inadvertent omission during reporting, however, because AOC B is reported within the
PWA, all discussion for the sites in this area is pertinent for this site also.

The plant communities are similar among all these sites. The plant communities mainly
consist of herbaceous species typical of mowed/maintained areas. Maintenance of the
grounds appeared to be main factor effecting the plant community composition and
structure within this area at the time the ecological survey was conducted in 2000.

To determine the relative health of the ecological community within the Main Operations
Area, a comparison was made by selecting a control plot outside of the sites, which is
located southeast of SWMU 14, and comparing the habitat with the sites identified above.
The ecological assessment concluded that there was no significant difference between any of
the sites and the control site, however it was noted that SWMU 10 presented a greater
abundance of some plant species than the control site.



SECTION 6: SITE-SPECIFIC DECISION SUMMARY FOR AOC B – FORMER WASTEWATER TREATMENT PLANT

GNV31003851550.DOC/031480017 6-5

AOC C had higher abundance of hydrophytic vegetation than the other sites because it is a
drainage ditch. SWMU 15, which is an old parking lot was reported to have stressed
vegetation, with domination by an exotic and invasive grass which is not significant. The
stress and decumbent growth is thought to be due to heavy vehicles parked in this area at
the time of the survey (see Figure 4-2). The soil compaction also limits the species diversity
of the site, and small patches of oil stains in the soil were reported in the south central
portion of the site.

The wildlife observed at these sites is typical for developed areas on Vieques Island. Horses
and mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species were observed in this area. The nearby NSRR
located on the main Island of Puerto Rico is identified as habitat for Arctic perigrine falcon,
which prefers to feed in open areas. Since the Main Operations Area is an open area, it could
be a feeding habitat for this species, although none were observed at the site during the
ecological survey.

6.4 Human Health Risk Assessment
This section summarizes the pertinent information contained in the risk assessment for AOC
B. Screening data for all of the exposure routes and potential human receptors are provided
in Appendix D-5 in the RAGS Part D format. A more detailed discussion and accompanying
tables of the risk assessment conducted are presented in Appendix E.

As previously discussed, a total of 16 surface soil samples (0 to 0.5 ft bls) and 16 subsurface
soil samples (4.5 to 6 ft bls) were collected at AOC B. Analytical results were screened
against the appropriate screening criteria, by comparing maximum detected concentration
against criteria. Chemicals detected above criteria were considered COPCs. In surface soil,
aluminum, arsenic, iron, manganese, thallium, and vanadium exceeded the screening
criteria and were selected as COPCs (see Table 6-1). In subsurface soil, aluminum and iron
were identified as COPCs when compared against industrial PRGs (see Table 6-2). The
exposure pathways to surface soils for future hypothetical maintenance workers, industrial
workers, recreational receptors, and residential receptors were considered complete at
AOC B (see Table 6-3).

Table 6-4 and the RAGS Part D formatted tables in Appendix D-5 present the risk
characterization summary for the quantitatively evaluated receptors at AOC B. The
estimated cancer risks and hazard indices for the receptors identified are summarized
below:

Maintenance Worker
For a maintenance worker, the ELCR for exposure to surface soils is 6E-8, which is less than
the acceptable risk range of 1E-4 to 1E-6. The estimated HI for exposure to surface soils is
0.02, and is less than the target HI of 1.0 for noncarcinogenic exposure.

Industrial Worker
For an industrial worker, the ELCR for exposure to surface soils is 2.9E-7, which is less than
the acceptable risk range of 1E-4 to 1E-6. The estimated HI for exposure to surface soils is
0.088, and is less than the target HI of 1.0 for noncarcinogenic exposure.
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Construction Worker
The subsurface soil was evaluated for potential exposure to construction workers, with
aluminum and iron as COPCs. No carcinogenic COPCs were identified. The EPCs included
both surface and subsurface soil sample concentrations. The HI for a future construction
worker is estimated to be 0.249, which is less than the target HI of 1.0.

Recreational Receptors
The estimated ELCRs for a recreational adult and child exposed to surface soils are 1.3E-7
and 2.4E-7, respectively, and is less than the acceptable risk range. The HIs of 0.04 and 0.35,
respectively, are less than the target HI of 1.0.

Residential Receptors
For a residential adult and child, the ELCRs are 3.6E-7 and 8.2E-7, respectively, which are
below the EPA acceptable risk range of 1E-4 to 1E-6. The HI of 0.13 for an adult is less than
the target value of 1.0. For a residential child, the HI for exposure to surface soils is 1.2,
which slightly exceeds the target HI of 1.0. However, the target organ-specific HI, primarily
because of iron, was 0.75 and did not exceed a value of 1.0 for any target organs. Therefore,
no COCs were identified. The detected arsenic and iron levels in site soils were compared
with background surface soil levels, as discussed below.

6.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The inorganic COPCs that were identified in soil at AOC B were compared against the
range of background concentrations, and are presented in Table 6-5. As can be observed
from the table, the inorganic chemicals in AOC B soil are well within background levels. The
estimated risks are likely from background inorganic chemicals, and site concentrations are
not different from background levels.

6.6 Summary of Site Risks
There was no site-specific hazardous waste identified by the extensive sampling conducted
at AOC B. The detected chemicals were screened against criteria, as described in Section 1.0
and presented in Appendices B and D. All chemicals that were identified as COPCs were
inorganic chemicals.

6.7 Conclusions and Recommendations
Because the no human health ecological risks are identified above acceptable limits under
unrestricted land use scenario, and no contamination was identified specific to WWTP
operations at AOC B, NFA is recommended for AOC B. No additional sampling or
monitoring of the soil will be necessary because the conditions related to the site are
protective of human health and the environment.
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TABLE 6-1
AOC B COPC Selection for Surface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Chemical
No. of

Samples
No. of

Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections
Best Estimate

of Meana

Residential
PRGb

(HI = 0.1)

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

Aluminum 16 16 14,000 4,300 8,538 8,538 7,614 10,000 NA

Arsenic 16 3 1.1 0.66 0.873 0.348 0.39 1.6 29

Iron 16 16 26,000 11,000 15,775 15,775 2,346 10,000 NA

Manganese 16 16 818 54 247 247 176 1,946 NA

Thallium 4 2 0.68 0.51 0.595 0.4 0.52 7 0.70

Vanadium 16 16 73 34 47.3 47.3 55 715 6,000
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 6-2
AOC B COPC Selection for Subsurface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Chemical
No. of

Samples
No. of

Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections
Best Estimate
of the Meana

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

Aluminum 8 8 14,000 4,300 6,800 6,800 10,000 NA

Iron 8 8 26,000 11,000 16,125 16,125 10,000 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 6-3
AOC B Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Maintenance
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in

site surface soils

Yes Scenario is protective of any occasional
maintenance work such as lawn moving.

Industrial
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in

site surface soils

Yes Area could be developed in the future for
industrial use. Both site soil and

groundwater exposure is assumed.

Construction
Worker

Subsurface
Soil

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site subsurface soils

Yes Scenario is protective of any occasional
construction activities at the site.

Recreational
Users

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in

site surface soils

Yes Area could be developed in the future for
recreational use and would be protective

of any occasional trespasser.

Residents Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in

site surface soils

Yes Although the site is unlikely to be
considered for residential development,

this is a worst-case scenario for
comparison purposes.
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TABLE 6-4
AOC B Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Maintenance Worker

Surface Soil Surface Soil

5.0E-08 7.4E-11 9.9E-09 6.0E-08 0.0179 0.0010 0.0009 0.01980

Total Total

5.0E-08 7.4E-11 9.9E-09 6.0E-08 0.0179 0.0010 0.0009 0.0198

Industrial Worker

Surface Soil Surface Soil

2.4E-07 3.5E-10 4.8E-08 2.9E-07 0.080 0.005 0.003 0.09

Total Total

2.4E-07 3.5E-10 4.8E-08 2.9E-07 0.08 0.005 0.00 0.09

Recreational Adult

Surface Soil Surface Soil

9.6E-08 1.4E-10 3.3E-08 1.3E-07 0.036 0.002 0.003 0.04

Total Total

9.6E-08 1.4E-10 3.3E-08 1.3E-07 0.04 0.002 0.00 0.04

Recreational Youth

Surface Soil Surface Soil

2.2E-07 1.7E-10 1.9E-08 2.4E-07 0.334 0.009 0.007 0.35

Total Total

2.2E-07 1.7E-10 1.9E-08 2.4E-07 0.33 0.009 0.01 0.35

Construction Worker

Surface Soil Surface Soil

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.245 0.001 0.003 0.25

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.25 0.001 0.00 0.25

Residential Adult

Surface Soil Surface Soil

3.2E-07 4.8E-10 3.9E-08 3.6E-07 0.120 0.007 0.004 0.13

Total Total

3.2E-07 4.8E-10 3.9E-08 3.6E-07 0.12 0.007 0.00 0.13

Residential Child

Surface Soil Surface Soil

7.6E-07 5.6E-10 6.4E-08 8.2E-07 1.123 0.031 0.025 1.18

Total Total

7.6E-07 5.6E-10 6.4E-08 8.2E-07 1.12 0.031 0.03 1.18
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TABLE 6-5
Background Concentrations in Site Soils Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter Units

Range of
Background

Concentrations Background UTL

Maximum
Detected Site
Concentration

Average
Detected Site
Concentration

Minimum Maximum

Surface Soil

Aluminum mg/kg 1,600 29,000 29,000 14,000 8,538

Arsenic mg/kg 0.57 2.5 2.3 1.1 0.87

Iron mg/kg 2,500 39,000 37,531 26,000 15,775

Manganese mg/kg 48 1,200 1,167 818 247

Thallium mg/kg 0.45 0.67 0.67 0.68 0.60

Vanadium mg/kg 9.0 130 130 73 47

Subsurface Soil

Aluminum mg/kg 1,600 29,000 29,000 17,600 10,261

Iron mg/kg 2,500 39,000 37,531 30,300 19,763

mg/kg = milligrams per kilogram or part per million (ppm)
NA Not available
UTL Upper tolerance limit
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FIGURE 6-1
AOC B Former Wastewater Treatment Plant Equipment (2002)

FIGURE 6-2
AOC B Former Wastewater Treatment Plan Showing the Fence (2002)
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SECTION 7

Site-Specific Decision Summary for
AOC C – Drainage Ditches at the Former
Transportation Shop

7.1 Description
AOC C refers to the drainage ditches located in the Public Works Area of the former NASD
near the Former Transportation Shop (Building 2016). This site consists of two grass-lined
drainage ditches on both sides of the main road leading to the Public Works Area and an old
buried septic tank. It previously handled wastes from a sink in the former Transportation
Shop. There is one channel on the east side of the road to the Main Operations Area, and the
second one is to the west of the road. The ditches originate near the former Transportation
Shop and travel north, parallel to the road, and merge at the main road that runs through the
former NASD. The ditches eventually drain under Highway 200 and end about 50 ft north of
the highway in a diffuse area that could eventually drain to the Atlantic Ocean. These
unlined ditches consist of a slight depression in the surface designed to drain stormwater
runoff during rain events. The ditch to the west of the road may have received overflow in
the past from the septic tank that handled sanitary waste from a sink in the former
Transportation Shop, if there was an overflow. Photographs of AOC C are presented in
Figures 7-1 and 7-2. The groundwater at the site flows to the north towards the ocean.

Most of the rainwater flow in the ditches is likely the general surface runoff from the
surrounding area. The ditches also collect water from the adjacent horse-grazing fields and
stormwater runoff from an asphalt road, which leads to the former Public Works Area
compound and the Enlisted Men’s Club. The ditches remain dry most of the year.

An oily sheen was observed in one of the ditches during a site inspection in 1988. It is
unknown whether the observed sheen was from any wastes discharged to the ditch or from
natural plant debris/vehicle oil leaks from general traffic. Therefore, the site was identified
for investigation as an AOC.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including AOC C. The summary included the site background information, physical
characteristics, site hydrogeological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types of
data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.
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7.2 Site Characterization
7.2.1 Nature and Extent of Contamination
A total of 15 surface soil samples were collected. Seven samples were taken from each of the
two ditches and one was collected in the downstream release point past the road. Twenty
subsurface soil samples were collected from four locations (around the former septic tank).
One groundwater sample was collected at AOC C. All samples were collected as part of the
Expanded PA/SI investigation. The sample locations at AOC C are presented in Figure 7-3.

The ditches also collect water from the adjacent grass fields and stormwater runoff from an
asphalt road. Surface soil samples were collected along the two ditches approximately every
100 ft. Subsurface soil samples were collected along all four sides of the septic tank at depths
of 5, 10, 15, 20, and 25 ft bls. The groundwater sample was collected from a newly installed
monitoring well immediately downgradient from the septic tank. The presence of volatiles in
subsurface soils at different depths was also evaluated using an OVM at three soil borings
(AOC-C-SB16, AOC-C-SB17 and AOC-C-SB18) and at the monitoring well at different depths
during installation. None of the readings had detectable OVM readings. The details of the
sampling were provided in Appendix B of the Phase I Expanded PA/SI Report (CH2M
HILL, October 2000).

All sampled media were analyzed for metals, VOCs, SVOCs, pesticides, and PCBs. All
samples have been rescreened to the latest EPA Region 9 PRGs (see Appendix I), as
discussed in Section 1.0. The DQE results from the PA/SI are summarized in Section 1.0. The
surface soil, subsurface soil, and groundwater screening tables are presented in Appendix B.
The tables in Appendix D-6 include statistical summaries of data for AOC C comparing
maximum site concentrations with the criteria. A discussion of the results is presented below.

Surface Soil Results
Aluminum, arsenic, iron, manganese, thallium, and vanadium were detected in surface soil
samples at concentrations exceeding the residential PRG screening criteria (at HI=0.1). Metals
were detected in most surface soil samples. A comparison of inorganic chemicals in surface
soil with background inorganic levels is presented at the end of this section. Low levels of
VOCs, xylenes, and a trace level of trichloroethene (TCE) were well below any screening
criteria. Detections of phthalates, DDT, DDD, and DDE were also well below the screening
criteria. All of these chemicals were also detected at similar trace levels in some of the blank
samples, while meeting all of the DQE requirements, as presented in Section 1.0. A summary
of the surface soil exceedances is presented in Table 7-1. Figure 7-4 depicts the locations of
the surface soil exceedances.

Subsurface Soil Results
Aluminum and iron exceeded the industrial PRGs in subsurface soil, and were therefore
included as COPCs for risk assessment (see Table 7-2). Thallium exceeded the leachability
criteria SSL value with concentrations ranging from 0.73 to 1.9 mg/kg in soil borings AC-
SB16, AC-SB17, and AC-SB19. The thallium leachability criteria for soil is 0.7 mg/kg. In AC-
SB16, thallium was found above 0.7 mg/kg at depths of 4 to 26 ft bls; in AC-SB19, a thallium
exceedance was found at depths between 14 and 26 ft bls; and in AC-SB17, it was found only
at depths of 24 to 26 ft bls. All these detections of thallium are near the instrument detection
limits, and are thus likely prone to Type I errors, as discussed in the DQE summary in
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Section 1.0, and in the individual appendices of the PA/SI reports. A comparison of
subsurface soil inorganic chemicals with background soils is presented at the end of this
section.

No other subsurface soil metals exceeded the soil leachability criteria for soil or applicable
PRG screening levels. VOCs, SVOCs, pesticides, and PCBs were either not detected or were
detected at concentrations below their applicable screening criteria. A summary of the
subsurface soil exceedances is presented in Table 7-2. All detections is subsurface soil are
presented in Appendix D-6. Subsurface soil exceedances by sample location are presented in
Figure 7-4.

Groundwater Results
The groundwater results for total metals from the single well indicated detections of
aluminum, iron, manganese, and vanadium in groundwater samples at concentrations
exceeding the PRGs. Dissolved metals were screened against criteria only for comparison
purposes, these data were not used for the risk assessment. The results show no organic
chemicals were detected in groundwater, though the sample was analyzed for VOCs,
SVOCs, pesticides, and PCBs. A summary of the groundwater exceedances is presented in
Table 7-3. Groundwater exceedances from the well at AOC C are presented in Figure 7-4.
Aluminum, chromium, iron, manganese, and vanadium were identified as exceeding PRG
values used for screening. The total chromium result was conservatively evaluated by
comparing with the hexavalent chromium PRG value. A comparison of AOC C groundwater
with background is included at the end of this section to determine if the detected inorganic
chemicals are similar in site and background levels.

7.2.2 Contaminant Fate and Transport
The site is an old septic tank and the downgradient drainage ditches. The drainage ditches
had a sheen in 1988 during the site inspection. The ditches are intermittent and do not have
constant water, therefore such a sheen is not visible. There is no continuing source for
contamination at this site.

Among the many surface and subsurface soil samples collected, no organic chemicals were
detected that present an offsite migration concern. None were above screening criteria for
leachability. Some inorganic chemicals were detected above direct exposure-based protection
criteria (i.e., PRGs). Only thallium was above leachability criteria. Thallium concentrations
were relatively similar among all soil samples from this site as well as other sites in the area
(e.g., SWMU 10, SWMU 14, SWMU 15), indicating that thallium may not be specific to AOC
C. Also, it only slightly exceeded the leachability criteria. Because all other sites within the
same geological unit have similar thallium levels, it is likely that surface and subsurface soil
thallium levels are representative of background soil conditions. Furthermore, thallium was
not detected in the groundwater above MCLs or PRGs. Thus, thallium has not leached to
groundwater during historical operations and it is not likely to pose future leachbility
concerns at this site. In general, most identified inorganic chemicals in the soils at AOC C
have low solubility, tend to remain bound to the soil matrix, and are not readily leachable.
Dissolved metals concentrations were much lower than the total metals levels.

Surface runoff is also not a significant migration pathway due to absence of surface soil
contamination at the site. Soil-bound inorganic chemicals could have been carried to
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downstream locations through suspended soil surface runoff during storm events. The
downstream locations were sampled to determine such migration.

All the COPCs identified based on comparison with PRGs in surface and subsurface soil and
groundwater are included for risk assessments, as presented below.

7.2.3 Summary of Data Evaluation
The surface soil results indicate that some inorganic chemicals are greater than residential
PRGs, and as such were identified as potential COPCs. Among the subsurface chemicals,
aluminum and iron were above industrial PRGs. Therefore aluminum and iron were selected
as COPCs for a construction worker exposure evaluation. Thallium exceeded the screening
leachability criteria (SSL) for soil. However, based on its absence in site well data above
PRGs, it was not identified as a leachbility concern. The groundwater results indicated that
some total metals concentrations were greater than the tap water PRGs. These concentrations
were included as COPCs in the risk assessment that is summarized below. All detected
metals in soil and groundwater are also common to the background soil and groundwater,
and the levels at which they were detected also appear to be within background levels.
Therefore, they were compared against background levels, as presented at the end of this
section.

7.2.4 Conceptual Site Model
Figure 7-5 presents the CSM for AOC C. Past discharges and runoff from the surface soils in
the area surrounding AOC C could run off and settle in the low-lying bottom of the ditches.
Additionally, any discharges from the former Transportation Shop area would drain into the
septic system. If the septic system overflowed in the past, the surface discharge may have
flowed into the ditch to the west of the road. The ditches along the road were included for
investigation due to a sheen observed during the site visit. Any other unintentional releases
(e.g., sheen) in the vicinity of AOC C could also reach these two ditches.

Any contamination in the ditches could migrate downstream with the rainwater flow in the
form of suspended solids or as dissolved contamination. If dissolved contamination is
present in this rainwater, to a smaller extent, it can infiltrate the subsurface with rainwater
through percolation, and also volatilize into the air.

Any releases to the surface from the drain field are likely to attenuate prior to reaching these
drainage ditches. An occasional release of oily material during shop operations could become
sorbed to soils at the point of release. Attenuation from degradation could occur to any
oils/petroleum hydrocarbons that tend to bind to surface soil particles with time. The poten-
tial flow downstream to the ditches would only result in a release to the land surface at the
end of the ditches, as there is no direct connection between the ditches and other surface
water bodies or the ocean.

The entire lengths of the ditches were sampled to determine any possible contamination. A
groundwater sample was collected immediately downgradient from the septic tank to
determine any releases to the subsurface from former Transportation Shop releases to the
septic tank. The soils from the drainage ditches were sampled, and a well was installed to
investigate potential subsurface releases to groundwater during historical operations.
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Potential exposures to the contamination at AOC C could occur through physical contact
with soils in the ditches by workers mowing the grass in this maintained area, or anyone
visiting/trespassing the ditches. Subsurface soil exposures were assumed for a future
construction worker. Currently, this area of the former NASD does not have natural ecology
because of the occasional grass cutting. Future human receptors for the site could include
those currently anticipated at the site. For the human health risk assessment, the future
potential exposure points and receptors were conservatively assumed to include recreational,
industrial (including construction work) or residential use. Soil data were evaluated for risks
to maintenance workers, construction workers, and recreational visitors. Soil and
groundwater data were evaluated for exposures to industrial workers and residents.

7.3 Ecological Assessment Summary for Main Operations Area
(or Public Works Area) Sites: SWMUs 10, 14, 15, AOCs
C and F

An ecological survey was conducted for the sites located within the Main Operations Area
(or Public Works Area) during the two PA/SIs. The sites investigated included SWMUs 10,
14, 15, and AOCs C and F.

The plant communities are similar among all these sites. The plant communities mainly
consist of herbaceous species typical of mowed/maintained areas. Maintenance of the
grounds appeared to be main factor effecting the plant community composition and
structure within this area at the time the ecological survey was conducted in 2000.
To determine the relative health of the ecological community within the Main Operations Area, a
comparison was made by selecting a control plot outside of the sites, which is located southeast
of SWMU 14, and comparing the habitat with the sites identified above. The ecological
assessment concluded that there was no significant difference between any of the sites and the
control site, however it was noted that SWMU 10 presented a greater abundance of some plant
species than the control site.

AOC C had higher abundance of hydrophytic vegetation than the other sites because it is a
drainage ditch. SWMU 15, which is an old parking lot was reported to have stressed vegetation,
with domination by an exotic and invasive grass which is not significant. The stress and
decumbent growth is thought to be due to heavy vehicles parked in this area at the time of the
survey (see Figure 4-2). The soil compaction also limits the species diversity of the site, and small
patches of oil stains in the soil were reported in the south central portion of the site.

The wildlife observed at these sites is typical for developed areas on Vieques Island. Horses
and mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species were observed in this area. The nearby NSRR
located on the main Island of Puerto Rico is identified as habitat for Arctic perigrine falcon,
which prefers to feed in open areas. Since the Main Operations Area is an open area, it could
be a feeding habitat for this species, although none were observed at the site during the
ecological survey.
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7.4 Human Health Risk Assessment
This section summarizes the pertinent information contained in the risk assessment for
AOC C. Screening data for all exposure routes and potential human receptors are presented
in Appendix D-6 in RAGS Part D formatted tables. The complete risk assessment and
accompanying tables can be found in Appendix E.

As discussed above in the nature and extent of contamination discussion, a total of 15 surface
soil samples (0 to 0.5 ft bls) and 20 subsurface soil samples (depths ranging from 4 to 26 ft
bls) were collected at AOC C. The details of the sampling and analysis can be found in
Section 10 of Phase I Expanded PA/SI (CH2M HILL, October 2000). One monitoring well at
AOC C was sampled. The analytical results, using the maximum detected concentration for
chemical, were screened against the comparison criteria, and the chemicals that were
detected above criteria were identified as COPCs. In surface soils, six metals exceeded the
screening criteria and were selected as COPCs. They are aluminum, arsenic, iron,
manganese, thallium, and vanadium (see Table 7-1). Aluminum and iron were identified as
COPCs for subsurface soils up to 10-ft depths (see Table 7-2), and were evaluated for future
construction worker exposure. Groundwater COPCs included aluminum, iron, manganese,
and vanadium (see Table 7-3).

Table 7-4 presented the potentially complete exposure pathways, receptors, and exposure
routes for AOC C. Exposure pathways to surface soils for future hypothetical maintenance
workers, industrial workers, recreational receptors, and residential receptors were
considered complete at AOC C. Section 1.0 presents a more detailed description of the
receptor population exposure assumption. The subsurface soil were evaluated for future
exposures to construction workers using soils from 0 to 10 ft bls for EPC estimations. The
groundwater at the site is deep (more than 40 ft bls), thus groundwater exposure for
recreational visitors and construction workers is not a complete pathway. This site consists of
narrow, dry drainage ditches and an old septic tank that has been removed. Given the small
size and features of this site, future residential or industrial use is highly unlikely. However,
exposure of these receptors was included for comparison purposes.

Table 7-5 presents the risk characterization summary for the exposure scenarios discussed
above for the complete exposure pathways at AOC C.

Maintenance Worker
For a maintenance worker, the ELCR for exposure to surface soils is 1.4E-7, which is less than
the acceptable risk range of 1E-4 to 1E-6. The estimated HI for exposure to surface soils is 0.02
and is less than the target HI of 1.0 for noncarcinogenic exposure.

Industrial Worker
The estimated combined ELCR for an industrial worker exposed to surface soils and
groundwater is 6.7E-7. The ELCR is less than the acceptable risk range for carcinogenic
effects. The estimated HI of 0.4 for exposure to surface soils and groundwater is less than the
target HI of 1.0.
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Construction Worker
Subsurface soil, up to 10 ft bls (a conservative assumption considering the typical
construction depths are up to 6 ft bls), was evaluated for potential exposure to construction
workers. Subsurface soil had aluminum and iron as COPCs; no carcinogenic COPCs were
identified. The EPCs included both surface and subsurface soil sample concentrations. The
HI for a future construction worker is estimated to be 0.23, which is less than the target HI of
1.0.

Recreational Receptors
The estimated combined ELCR for a future recreational adult and child exposed to surface
soils is 3.0E-7 and 5.6E-7, respectively, and is less than the acceptable risk range. The HI of
0.04 and 0.35, respectively, is less than the target HI of 1.0.

Residential Receptors
For a future residential adult and child, the ELCR is 8.4E-7 and 1.9E-6, respectively. These
cancer risks are within the EPA acceptable risk range of 1E-4 to 1E-6. Carcinogenic risk
greater than the 1E-6 level was associated with arsenic in surface soils. The HI for an adult of
1.1 is greater than the target HI of 1.0. However, the maximum target organ-specific HI of
0.59 is well below 1.0 for an adult. For a residential child, the combined HI for exposure to
groundwater and surface soils is 3.6, which is above a value of 1.0. The maximum target
organ-specific HI is 1.9, which is also above 1.0, primarily from iron in soil and groundwater.

7.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The arsenic and iron in site soil were compared against the range of background
concentrations as presented in Table 7-6. As can be observed from the table, most of the soil
and groundwater inorganic chemicals are well within background levels. Only manganese in
surface soil, and thallium in subsurface soil were slightly above the background range. The
detected manganese in surface soil and thallium in subsurface soil was similar to the levels
found at several other sites within the Public Works Area. Manganese in subsurface soil or
groundwater was not detected above background levels. Since thallium was not detected in
groundwater, it is not likely leaching. The reported levels for thallium are within the
instrument detection limit ranges. As described in the Section 1.0 DQE summary, any low
level metals concentrations are prone to false positives and negative errors. Thus, the
thallium detection could be a false positive (i.e., Type I error), as it is uniformly reported with
similar levels across all soil samples. All of the detected soil and groundwater inorganic
chemicals are therefore likely the result of background conditions for the area, and are not
attributable to the site-specific activities.
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7.6 Summary of Site Risks
The cancer risks and health hazard effects for AOC C are within the acceptable limits for
maintenance workers, construction workers, industrial workers, and recreational receptors.
The cancer risk for residential receptors is within acceptable limits and the HI exceeds 1.0,
primarily from iron in soil and groundwater. However, there is no evidence of site-related
releases of iron, as indicated in Table 7-6. Similar iron concentrations were found at all other
sites within this area. There is no contamination specific to past operations at AOC C. No
additional sampling or monitoring of the soil or groundwater will be necessary because the
conditions at the site are protective of human health and the environment.

7.7 Conclusions and Recommendations
No further investigation or remedial action for the soil or groundwater is necessary for the
protection of human health based on the absence of site-related contamination. Health risks
estimated using conservative exposure assumptions do not present unacceptable risks to
human health greater than background levels. Therefore, AOC C is recommended for NFA,
due to absence of human health or ecological impacts from its past operations.
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TABLE 7-1
AOC C COPC Selection for Surface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate
of Meana

Residential
PRGb

(HI = 0.1)

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

1 Aluminum 15 15 9,600 4,130 7,516 7516 7,614 10,000 NA

1 Arsenic 15 11 2.1 0.36 0.82 0.65 0.39 1.6 29

1 Iron 15 15 21,100 9,770 15,011 15,011 2,346 10,000 NA

1 Manganese 15 15 2,190 249 546 546 176 1,946 NA

1 Thallium 15 9 0.65 0.31 0.47 0.34 0.52 6.75 0.7

1 Vanadium 15 15 68.4 32.1 46.4 46.4 55 715 6,000
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 7-2
AOC C COPC Selection for Subsurface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate of
the Meana

Industrial
PRGb

(HI = 0.1)
SSLc

(DAF=20)

1 Aluminum 23 23 14,300 4,130 8,478 8,478 10,000 NA

1 Iron 23 23 26,500 9,770 16,616 16,616 10,000 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG, EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996).
 http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 7-3
AOC C COPC Selection for Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration

Mean
Concentration

of Detects

Best
Estimate of
the Meana

Tap Water
PRGb

(HI=0.1) MCLc

1 Aluminum 1 1 4,390 4,390 4,390 4,390 3,650 NA

1 Chromium 1 1 16.7 16.7 16.7 16.7 10.9 100

1 Iron 1 1 5,720 5,720 5,720 5,720 1,095 NA

1 Manganese 1 1 177 177 177 177 88 NA

1 Vanadium 1 1 27.6 27.6 27.6 27.6 26 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG, EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c Maximum Contaminant Levels. EPA Office of Water. http://www.epa.gov/safewater/mcl.html
Units in µg/L (ppb)
HI -- Hazard Index
MCL -- Maximum contaminant level
NA -- Not available
PRG -- Preliminary remediation goal
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TABLE 7-4
AOC C Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Maintenance
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Scenario is protective of any occasional
maintenance work such as lawn moving.

Industrial
Worker

Surface Soil
and

groundwater

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils and
groundwater

Yes Area could be developed in the future for
industrial use. Both site soil and
groundwater exposure is assumed.
Inhalation exposure to groundwater is
not significant as no volatile COPCs are
identified.

Construction
Worker

Subsurface
Soil

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site subsurface soils

Yes Scenario is protective of any occasional
construction activities at the site.

Recreational
Users

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Area could be developed in the future for
recreational use and would be protective
of any occasional trespasser.

Residents Surface Soil
and

groundwater

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils and
groundwater

Yes Although the site is unlikely to be
considered for residential development,
this is a worst-case scenario for
comparison purposes. Inhalation
exposure to groundwater is not
significant as no volatile COPCs are
identified.
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TABLE 7-5
AOC C Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI
Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Maintenance Worker
Surface Soil Surface Soil

1.2E-07 1.7E-10 2.3E-08 1.4E-07 0.0172 0.0017 0.0011 0.01998
Total Total
1.2E-07 1.7E-10 2.3E-08 1.4E-07 0.0172 0.0017 0.0011 0.0200

Industrial Worker
Surface Soil Surface Soil
5.6E-07 8.2E-10 1.1E-07 6.7E-07 0.077 0.008 0.004 0.09

Groundwater Groundwater
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.335 0.000 0.009 0.344

Total Total
5.6E-07 8.2E-10 1.1E-07 6.7E-07 0.08 0.008 0.00 0.09

Recreational Adult
Surface Soil Surface Soil
2.2E-07 3.3E-10 7.6E-08 3.0E-07 0.034 0.003 0.004 0.04

Total Total
2.2E-07 3.3E-10 7.6E-08 3.0E-07 0.03 0.003 0.00 0.04

Recreational Youth
Surface Soil Surface Soil
5.2E-07 3.8E-10 4.3E-08 5.6E-07 0.321 0.016 0.008 0.35

Total Total
5.2E-07 3.8E-10 4.3E-08 5.6E-07 0.32 0.016 0.01 0.35

Construction Worker
Surface Soil Surface Soil
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.227 0.001 0.003 0.23

Total Total
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.23 0.001 0.00 0.23

Residential Adult
Surface Soil Surface Soil
7.5E-07 1.1E-09 8.9E-08 8.4E-07 0.116 0.012 0.004 0.13

Groundwater Groundwater
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.938 0.000 0.072 1.010

Total Total
7.5E-07 1.1E-09 8.9E-08 8.4E-07 0.12 0.012 0.00 0.13

Residential Child
Surface Soil Surface Soil
1.7E-06 1.3E-09 1.5E-07 1.9E-06 1.080 0.054 0.028 1.16

Groundwater Groundwater
0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.188 0.000 0.222 2.410

Total Total
1.7E-06 1.3E-09 1.5E-07 1.9E-06 1.08 0.054 0.03 1.16
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TABLE 7-6
Background Concentrations in Site Media Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Range of Background
Concentrations

Parameter Units Minimum Maximum
Background

UTL

Maximum
Detected Site
Concentration

Average Site
Detected

Concentration

Surface Soil

Aluminum mg/kg 1,600 29,000 29,000 9,600 7,516

Arsenic mg/kg 0.57 2.5 2.3 2.1 0.82

Iron mg/kg 2,500 39,000 37,531 21,100 15,011

Manganese mg/kg 48 1,200 1,167 2,190 546

Thallium mg/kg 0.45 0.67 0.67 0.65 0.47

Vanadium mg/kg 9.0 130 130 68 46

Subsurface Soil

Aluminum mg/kg 1,600 29,000 29,000 14,300 7,908

Iron mg/kg 2,500 39,000 37,531 26,500 16,713

Thallium mg/kg 0.45 0.67 0.67 1.9 0.77

Groundwater

Aluminum µg/L 130 3,500 3,500 4,390 4,390

Iron µg/L 480 4,800 4,800 5,720 5,720

Manganese µg/L 100 17,000 17,000 177 177

Vanadium µg/L 1.8 75 75 28 28

mg/kg = milligrams per kilogram or part per million (ppm)
µg/L = micrograms per liter or parts per billion (ppb)
UTL Upper tolerance limit
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FIGURE 7-1
AOC C Drainage Ditch Looking North (2000)

FIGURE 7-2
AOC C Drainage Ditch Looking North (2002)
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SECTION 8

Site-Specific Decision Summary for
AOC F– Former UIC Septic Tank

8.1 Description
AOC F is the former Underground Injection Control (UIC) septic tank area. AOC F is near
the former Enlisted Men’s Club in the Main Operations Area of the former NASD. This
buried (subsurface) septic tank had a capacity of 1,500 gallons, and was used to service the
domestic waste from the Enlisted Men’s Club when the facility was in use. The tank was
closed in 1997, and was replaced with an aboveground tank. A sampling investigation was
conducted at AOC F during July 1997 as part of the UIC program to gather data and serve
as a preliminary evaluation of potential contamination regarding possible septic tank
leakage. To facilitate PREQB review, the site was transferred from the UIC program to the
CERCLA program during 2000. Previous investigations showed several metals at
concentrations that exceeded the applicable UIC screening criteria. This site was
subsequently investigated as part of the Expanded PA/SI in April 2000. No evidence was
found of hazardous waste being disposed of at the site. Figures 8-1 and 8-2 are photographs
of the site. The groundwater at this site flows to the north, with localized flow slightly in a
northwesterly direction. The wells were installed upgradient and downgradient from the
site in the groundwater flow direction.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including AOC C. The summary includes the site background information, physical
characteristics, site hydrogeological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.

8.2 Site Characterization
8.2.1. Nature and Extent of Contamination
Since the site is a buried septic tank, only subsurface soil and groundwater were monitored.
A total of 17 subsurface soil samples were collected from four soil borings, and five
groundwater samples were collected as part of the Phase I Expanded PA/SI field
investigation (CH2M HILL, October 2000). Figure 8-3 illustrates the location of the septic
tank, the nearby building used as the Enlisted Men’s Club, and the sampling locations
around the tank. The subsurface soil samples were collected on all four sides of the septic
tank at depths of 4 to 6 ft bls, 9 to 11 ft bls, 14 to 16 ft bls, 19 to 21 ft bls, and 24 to 26ft bls, to
characterize any potential wastewater release from this buried septic tank. In addition,
groundwater samples were collected from five newly installed monitoring wells. One well
was installed upgradient of the septic tank, and four wells were installed downgradient, as
shown on Figure 8-3. The samples were analyzed for metals, VOCs, SVOCs, pesticides, and
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PCBs, and have been screened against PRGs and SSL values, as described in Section 1.0. The
analytical results for subsurface soil and groundwater are presented in Appendix B.

The presence of volatiles in subsurface soils was also evaluated during sampling using an
OVM at the four soil borings and the five groundwater borings during well installation at
various depths. None of the OVM readings had positive detections. The details of this
investigation are included in Appendix B of the Phase I Expanded PA/SI Report (CH2M
HILL, October 2000).

Subsurface Soil Results
The analytical results indicated the detection of several inorganic concentrations in the
subsurface soil samples. When subsurface soil samples of up to 10 ft depths with inorganic
chemical detections were compared against industrial PRGs for protection of future
construction workers, aluminum and iron were identified as COPCs, similar to the other
sites included in this NFA report. Aluminum and iron are included for the risk analysis as
presented below.

Of the detected inorganic chemicals, chromium and thallium exceeded the leachability
criteria. The chromium concentrations in subsurface soil samples SB-01 and SB-04, at depths
of 14 to 26 ft bls and 19 to 21 ft bls, respectively, exceeded the leachability criteria for soil
(38 mg/kg; conservatively assuming that all detected chromium is hexavalent chromium).
Samples from shallower locations from the same borings did not have chromium greater
than criteria. Chromium concentrations detected greater than criteria ranged between 59
and 129 mg/kg in these two borings, compared to a range of background soil chromium
concentrations of 2.2 mg/kg to 74 mg/kg. The site average chromium level (34 mg/kg) was
below the SSL value of 38 mg/kg. Additionally, chromium was not detected in the
groundwater at levels greater than PRGs. The well closest to the site (AF-MW02) did not
have chromium above detection limits. A well farther away from the site had total
chromium, but dissolved chromium in this well is low, and most of these well samples were
turbid. Chromium levels in these wells are similar to other wells within the Public Works
Area. Therefore, leachability of chromium from soils to groundwater does not appear to be a
concern, though chromium is slightly elevated at two of the soil borings located north and
east of the former UIC septic tank.

The detected inorganic chemicals in the subsurface soil are compared against background
inorganic chemical levels at the end of this section. A total of 14 thallium detections were
reported in the 16 samples. Concentrations ranged between 0.76 and 1.7 mg/kg, compared
to an SSL value of 0.7 mg/kg, a detection limit of 0.3 mg/kg, and a reporting limit of 2
mg/kg. This means low-level thallium detections are reported with uncertain concentration
levels, and as mentioned in the DQE summary (see Section 1.0), are prone to be false
positives at these low levels. The sample with the highest reported thallium concentration of
1.7 mg/kg was detected at SB-02 at 9 to 21 ft bls, and the second highest level was found in
SB-01 at 1 mg/kg. These concentrations are similar to the concentrations found at other sites
within the former NASD, indicating that thallium is likely from the soil’s natural minerals
and not due to site-specific historical activities. However, thallium was not detected in the
groundwater greater than PRGs. Therefore, leachability of thallium from soils to
groundwater does not appear to be a concern.
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No organic chemicals (VOCs, SVOCs, pesticides, or PCBs) were detected at concentrations
greater than the leachability-based screening criteria. A summary of subsurface soil
exceedances is presented in Table 8-1. The exceedances and their locations are presented in
Figure 8-4.

Groundwater Results
Groundwater sampling resulted in detections of only inorganic chemicals in all five wells;
no organic chemicals were detected. The only exception was diethyl phthalate, which is a
constituent of plastic ware and analytical instruments (as discussed in DQE in Section 1.0).
Groundwater samples from all five wells were analyzed for both total and dissolved metals.
As shown in Figure 8-4, the analytical results for total metals in groundwater samples
indicated detections of aluminum, chromium, iron, manganese, and vanadium that
exceeded the tap water PRGs (none exceeded the MCLs). No dissolved metals exceeded
screening criteria, indicating that observed total metals concentrations might be associated
with suspended solids in groundwater, and are possibly from background conditions. The
dissolved metals concentrations were not used for the risk assessment. A comparison of
inorganic chemicals in AOC F site wells with background wells is included at the end of this
section. A summary of groundwater exceedances is presented in Table 8-2. A summary of
groundwater exceedances by sample location is presented in Figure 8-4.

8.2.2 Contaminant Fate and Transport
Subsurface soils did not indicate the presence of any organic hazardous material in the
relatively large number of samples collected. The OVM readings also did not indicate the
presence of VOCs that are specific to the site. Only inorganic chemicals that are commonly
detected within the background soils at the former NASD were detected in subsurface soil
at AOC F. The discrete depth samples indicated elevated metals at some depths; however,
shallower samples from the same boring did not indicate elevated metals. The closest well
to the elevated soil chromium area did not have elevated levels of chromium. The well with
the site maximum chromium concentration is farther downgradient from this well. The
groundwater chromium concentrations at AOC F are similar to those found at other wells
within the former Public Works Area. The groundwater samples from wells within this area
did not contain dissolved chromium greater than any of the criteria, and the average
chromium levels across the area are less than the SSL level of 38 mg/kg, indicating that
chromium leaching is not a significant threat to the groundwater in the area. The lack of
chromium in groundwater greater than other area groundwater within the Public Works
Area, and chromium levels below the screening criteria from this site indicate that these
levels are not a long-term future leachability or groundwater contamination concern.

In addition, the observed thallium levels are within the range of background levels detected
in the soils at the former NASD. As with chromium, soil detections were at sporadic depths
and were not indicative of contamination patterns. Thallium levels were not detected at
levels higher than the PRGs in the groundwater. Thus, they do not present a significant
leachability concern to groundwater at the reported concentrations. Overall, as discussed
previously, subsurface soils at AOC F do not present a future migration or leachability
concern for any chemicals.
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8.2.3 Summary of Data Evaluation
Aluminum and iron were selected as COPCs for the exposure scenario for future
construction workers. Chromium and thallium were the only subsurface metals that
exceeded their soil leachability criteria. All other subsurface metals were either not detected
or were detected at levels less than the applicable screening criteria. Analytical results for
these constituents in groundwater did not show detections greater than other wells in this
area or greater than the PRGs, thereby indicating that these constituents are not of
leachability or contamination concern at the site. In addition, detections of other total metals
in groundwater were within the background levels across the former NASD (see
Appendices B and C). Furthermore, no dissolved metals exceeded the applicable screening
criteria, indicating that the existence of total metals is likely the result of suspended material
and not from true dissolved metals. Subsurface soil and groundwater inorganic COPCs
were included for the direct exposure-based human health risk assessment. No hazardous
waste release was indicated.

8.2.4 Conceptual Site Model
Figure 8-5 presents the exposure CSM for AOC F. Because the site consists of a buried septic
tank, no surface releases were anticipated from site operations. Leaks from the septic system
could potentially impact the subsurface soils and groundwater underneath the subsurface
soil, though domestic waste is not expected to include any chemical releases. However, if
the site had been used for disposal of unauthorized wastes, such as hazardous waste,
contamination may have occurred as a result of any possible tank leaks or overflows. Based
on sampling conducted at various depths around the former UIC septic tank, none of the
suspected contamination was identified at the site.

The direct exposures were evaluated for exposure of future construction workers to
subsurface soil. Exposures to groundwater were assumed under a hypothetical future land
use scenario, for conservative investigation purposes, and included assumed industrial
worker and residential receptor exposures. The exposure routes assumed ingestion and
dermal contact. Inhalation exposure to groundwater is not complete because of the absence
of VOCs/organic chemicals in groundwater wells.

8.3 Ecological Assessment Summary for Main Operations
Area (or Public Works Area) Sites: SWMUs 10, 14, 15,
AOCs C and F

An ecological survey was conducted for the sites located within the Main Operations Area
(or Public Works Area). The sites investigated included SWMUs 10, 14, 15, and AOCs C and
F. As there is no surface contamination at AOC F, it is an incomplete pathway for all
ecological receptors from this site.

The plant communities are similar among all these sites. The plant communities mainly
consist of herbaceous species typical of mowed/maintained areas. Maintenance of the
grounds appeared to be main factor effecting the plant community composition and
structure within this area at the time the ecological survey was conducted in 2000.
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To determine the relative health of the ecological community within the Main Operations Area,
a comparison was made by selecting a control plot outside of the sites, which is located
southeast of SWMU 14, and comparing the habitat with the sites identified above. The
ecological assessment concluded that there was no significant difference between any of the
sites and the control site, however it was noted that SWMU 10 presented a greater abundance of
some plant species than the control site.

AOC C had higher abundance of hydrophytic vegetation than the other sites because it is a
drainage ditch. SWMU 15, which is an old parking lot was reported to have stressed vegetation,
with domination by an exotic and invasive grass which is not significant. The stress and
decumbent growth is thought to be due to heavy vehicles parked in this area at the time of the
survey (see Figure 4-2). The soil compaction also limits the species diversity of the site, and
small patches of oil stains in the soil were reported in the south central portion of the site.

The wildlife observed at these sites is typical for developed areas on Vieques Island. Horses
and mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species were observed in this area. The nearby NSRR
located on the main Island of Puerto Rico is identified as habitat for Arctic perigrine falcon,
which prefers to feed in open areas. Since the Main Operations Area is an open area, it could
be a feeding habitat for this species, although none were observed at the site during the
ecological survey.

8.4 Human Health Risk Assessment
The risk assessment tables for AOC F were formatted according to the RAGS Part D
guidelines and are presented in Appendix D-7. This section summarizes the pertinent
information contained in the risk assessment for AOC F. Screening data for all of the
exposure rates and potential human receptors are provided in Appendix D-7. The
uncertainty assessment and more details of the risk assessment are found in Appendix E.

A total of 17 subsurface soil samples were collected at AOC F. One sample from each of five
monitoring wells was collected and analyzed. Maximum concentrations detected in
subsurface soil samples of up to 10 ft depths (to represent conservative construction depths
which are typically 6 ft bls) were screened against industrial PRGs. Aluminum and iron
were identified as COPCs for subsurface soil (see Table 8-1).

The analytical results for groundwater were screened against the tap water PRGs (HI=0.1
for noncarcinogens), and chemicals detected greater than criteria were selected as COPCs.
The groundwater COPCs included aluminum, antimony, chromium, iron, manganese, and
vanadium (see Table 8-2).

There is no surface soil contamination at this former buried septic tank site, therefore
exposure pathways for any future receptors in this area are incomplete for surface soil. The
future site development is assumed to have construction workers excavating soils up to 10 ft
bls for construction in this area. The exposures to subsurface soil to future construction
workers were evaluated. Exposure pathways to groundwater for future hypothetical
industrial workers and residential receptors were considered complete at AOC F (see Table
8-3). Given the nature of the past use of this site as a buried septic tank area, it is highly
improbable that it would be utilized as a source of potable groundwater, and shallow
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groundwater is of low yield capacity. However, water use by future receptors was
evaluated for comparison purposes in the conservative risk assessment. Table 8-4 presents
the risk characterization summary for the quantitatively evaluated pathways and receptors
at AOC F.

Industrial Worker
The estimated HI for an industrial worker exposed to groundwater is 1.3. However, no
target organ-specific HI exceeded a value of 1.0.

Construction Worker
A construction worker scenario was evaluated for direct exposure to subsurface soil. There
were no carcinogenic COPCs in subsurface soil. The HI calculated for a future construction
worker exposure to subsurface soil was 0.255, which is below a target HI value of 1.0. No
groundwater COPCs are considered carcinogens and therefore, there is no carcinogenic risk
estimated for COPCs identified in groundwater.

Residential Receptors
For a residential adult, the HI is 3.7, which exceeded the target value of 1.0. For a residential
child, the combined HI for exposure to groundwater is 8.7, which exceeds the target HI of
1.0. The HI greater than 1.0 for an adult and child is due to the maximum detected
aluminum and iron, both in one well, AOC-F-MW05. All the wells at this site have high
turbidity, which is the likely reason for the detected metals. A comparison of the inorganic
chemicals detected in site soils and groundwater was made against background
concentrations below.

8.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The detected levels of aluminum and iron in site soil are compared against the range of
background concentrations, as presented in Table 8-5. Subsurface soil inorganic chemicals
were within the range of background soil inorganic chemical concentrations. Site soils were
sampled from depths ranging between 4 to 26 ft below surface. Thallium was detected
above background levels (0.67 mg/kg) at all four sample locations at various depths.
However, the ranges of concentrations between the samples from different locations and
individual sample depths had similar thallium levels. In addition, similar thallium
concentrations were reported in soils at all other sites within the former NASD. As
described in the DQE summary provided in Section 1.0, any low-level metals concentrations
are prone to false positive and negative errors. Thus, the thallium detection could be a false
positive, as it is reported with similar levels across all soil samples.

The subsurface soil samples collected at AOC-F-SB01 had aluminum, chromium, cobalt,
copper and iron above background concentration ranges in the deep samples. The shallower
depth samples from the same locations did not have elevated metals. The presence of these
metals in soils at these depths is unusual, since metals have low solubility, and thus
mobility. If these are associated with the septic tank releases, some levels of elevated metals
would be expected to be present at shallower depths as well, which was not observed at the
site. The soil metals could be from the natural mineral composition at these depths for the
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sites. Background subsurface soils were collected from 4 to 6 ft bls, and no background soil
samples were collected from 19 to 26 ft bls to observe if this type of mineralogy is present in
the background locations as well at deeper soil depths. The nearest downgradient well did
not have any elevated metals. The highest observed metals at this site are in a slightly
farther downgradient well, which also had the highest turbidity at the site. The dissolved
aluminum, cobalt, and iron were below detection limits in all the wells at the site. The
dissolved chromium and copper were similar to levels in the background wells (see
Appendix B). The total metals levels in AOC F wells are similar to those found at other site
wells (e.g., SWMU 14, SWMU 15 and AOC C) within the former NASD. This is due to the
high turbidity of groundwater samples, as indicated by metals absence in dissolved metals
measurements.

8.4 Summary of Site Risks
Based on the lack of contamination in surface soil at the site, and given that the site is a
former buried septic tank, there are no exposure pathways to the site under the current
conditions. Future altered land use would presumably expose future users to the
groundwater at this site, though this scenario is unlikely because of the existing septic
system and because shallow groundwater does not provide adequate yield to be a
productive supply well for domestic use. The subsurface soils do not present exposure
concerns to future construction workers, as there are no carcinogenic chemicals above
criteria, and the noncarcinogenic HI is well below the target HI of 1.0.

There were no carcinogenic COPCs in the groundwater at AOC F; therefore, a cancer risk
was not calculated. The health hazard effects are within acceptable limits for a future worker
using groundwater for potable use while at work. The HI for a residential adult and a child is
greater than a target HI of 1.0 because of the maximum detected iron and aluminum used as
EPCs in the groundwater. Metals detected in the deep subsurface soil are likely natural soil
mineralogy, and no background soil samples were collected at these depths for appropriate
comparison. The groundwater well in the nearest location to the soil boring with elevated
metals did not have elevated metals concentrations. The detected metals concentrations in
the groundwater well were similar in concentration to other site wells, and are from turbidity
in water samples, as the dissolved metals levels in groundwater samples did not indicate the
presence of iron or aluminum. This indicated that detected metals were from suspended
particles in turbid groundwater samples. Chromium and other metals were detected at
similar concentrations within the Public Works Area at other sites. Thus, no site-specific
contamination is detected in soils or groundwater at this site. The estimated HIs are from
background levels of aluminum and iron in the groundwater. Therefore, any elevated health
hazard that may be present in AOC F groundwater from iron is attributed to background
conditions, and no site-specific elevated hazards are occurring.

No particular hazardous waste releases were identified from this domestic waste
management septic system. All the samples were analyzed for the full list of analytes. Only
inorganic chemicals were detected at levels greater than the PRG and leachability (i.e., SSL)
screening criteria. The analytical results were not compared against background levels when
determining COPCs. The COPCs identified in subsurface soil are based on leachability and
are all inorganic chemicals. No direct exposure is expected for these deep subsurface soils.
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The groundwater COPCs are also inorganic chemicals that occur widely in background
groundwater wells. Overall, exposure to site groundwater does not indicate any cancer
risks. No carcinogenic chemicals were identified as COPCs, and the HI was within
acceptable levels for workers, though it exceeded the levels for future residents because of
the iron in groundwater. As noted previously, iron concentrations in groundwater at one of
the closest wells (MW05) exceeded the criteria and the updated background groundwater
levels, however, these exceedances were due to high turbidity during sampling. No
dissolved aluminum or iron was detected in this well, indicating that the detected iron is
likely associated with particulates in the water sample.

8.5 Conclusions and Recommendations
No evidence exists to suggest that a release of hazardous materials to soil or groundwater
occurred at AOC F as a result of site-related activities. No further investigation or remedial
action for the soil or groundwater is necessary for the protection of human health, based on
an analysis of the available soil and groundwater sample results and the pertinent infor-
mation for the site. Therefore, the selected remedial alternative for the soil and groundwater
at AOC F is NFA. No additional sampling or monitoring of the soil or groundwater will be
required under CERCLA as a result of the NFA alternative.
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TABLE 8-1
AOC F COPC Selection for Subsurface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections
Best Estimate
of the Meana

Industrial PRGb

(HI = 0.1)
SSLc

(DAF=20)

1 Aluminum 8 8 10,600 6,790 8,524 8,524 10,000 NA

1 Iron 8 8 23,700 12,500 18,363 18,363 10,000 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
NA -- Not available
SSL -- Soil screening level
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TABLE 8-2
AOC F COPC Selection for Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration

Mean
Concentration

of Detects

Best
Estimate of
the Meana

Tap Water
PRGb

(HI=0.1) MCLc

1 Aluminum 5 5 18,800 221 4,338 4,338 3,650 NA

1 Antimony 5 1 1.6 1.6 1.6 0.88 1.5 6.0

1 Chromium 5 5 28.4 1.8 9.5 9.5 10.95 100

1 Iron 5 5 2,900 257 5,496 5,496 1,095 NA

1 Manganese 5 5 819 28.8 273 273 88 NA

1 Vanadium 5 5 83.9 19.4 37 37 26 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c Maximum Contaminant Levels. EPA Office of Water. http://www.epa.gov/safewater/mcl.html
Units in µg/L (ppb)
HI -- Hazard Index
MCL -- Maximum contaminant level
NA -- Not available
PRG -- Preliminary remediation goal
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TABLE 8-3
AOC F Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Maintenance
Worker

Surface Soil None No The site is a subsurface septic tank,
and no surface contamination is
present at the site, making this an
incomplete pathway.

Industrial
Worker

Surface Soil Direct contact with
COPCs in site soils

No The site is a subsurface tank, and no
surface contamination is present at
the site, making this an incomplete
pathway.

Groundwater Ingestion of site
groundwater

Yes Although unlikely, pathway assumed
for comparison purposes.

Construction
Worker

Subsurface soil Ingestion, dermal
contact and inhalation
exposure to COPCs
in site subsurface
soils

Yes Scenario is protective of any
occasional construction activities at
the site.

Recreational
Receptors

Surface Soil None No The site is a subsurface septic tank,
and no surface contamination is
present at the site, making this an
incomplete pathway.

Residential
Receptors

Surface Soil Direct contact with
COPCs in site soils

No The site is present in the subsurface,
and no surface contamination is
present at the site, making this an
incomplete pathway.

Groundwater Ingestion of site
groundwater

Yes Although the site is unlikely to be
considered for residential
development, this is a worst-case
scenario for comparison purposes.
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TABLE 8-4
AOC F Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Industrial Worker

Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.259 0.000 0.021 1.280

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.26 0.00 0.02 1.28

Construction Worker

Subsurface Soil Surface Soil

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.251 0.001 0.003 0.26

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.25 0.001 0.00 0.26

Residential Adult

Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.525 0.000 0.162 3.687

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.53 0.00 0.16 3.69

Residential Child

Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.225 0.000 0.500 8.725

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.23 0.00 0.50 8.73
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TABLE 8-5
Background Concentrations in Site Media Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter Units
Range of Background

Concentrations
Background

UTL

Maximum
Detected Site
Concentration

Average Site
Detected

Concentration

Maximum Minimum

Subsurface Soil

Aluminum mg/kg 1,600 29,000 29,000 25,900 14,458

Chromium mg/kg 2.2 74 74 129 34

Cobalt mg/kg 1.0 25 25 63 22

Copper mg/kg 1.8 68 68 120 48

Iron mg/kg 2,500 39,000 37,531 52,100 28,900

Manganese mg/kg 48 1,200 1,167 3,490 1,014

Thallium mg/kg 0.45 0.67 0.67 1.7 1.1

Groundwater

Aluminum µg/L 130 3,500 3,500 18,800 4,338

Antimony µg/L 5.1 5.2 5.2 1.6 1.6

Chromium µg/L 3.7 6.8 6.8 2.2 28.4

Iron µg/L 480 4,800 4,800 23,900 5,496

Manganese µg/L 100 17,000 17,000 819 273

Vanadium µg/L 1.8 75 75 84 37
mg/kg = milligrams per kilogram or part per million (ppm)
µg/L = micrograms per liter or parts per billion (ppb)
UTL Upper tolerance limit
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FIGURE 8-1
AOC F Former Septic Tank Area (Facing West)

FIGURE 8-2
AOC F Former Septic Tank Area (Facing North)
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SECTION 9

Site-Specific Decision Summary for
AOC K – Former Water Well

9.1 Description
AOC K is the Former Water Well. The site consists of one 8-inch-diameter well completed to
69 ft bls, and near a tree just northeast of the Public Works Area barracks. The well was
utilized as a potable water supply between 1941 and 1979, but has since been plugged and
abandoned. Figures 9-1 and 9-2 show photos of this site and the area around the well.

The AOC K well was rehabilitated in 1997 as part of a water well investigation conducted by
the U.S. Geological Survey (USGS). The USGS investigation included a total of 14 wells in
the former NASD area, including the AOC K well. The results showed benzene detected at
21 µg/L, which is above the MCL level of 5 µg/L. Iron and manganese were found at levels
greater than the screening criteria (secondary MCLs) in the sampled groundwater. This
historical well, like other water supply wells, has a metal casing. The USGS investigation
reported that the potential source for the observed iron and manganese is the volcanic rock
near the western half of Vieques Island, which is enriched in iron and manganese.
Therefore, it was determined that the likely source of these metals was from background
conditions rather than site-related activities. The well has since been resampled, and
benzene was not detected in any of the repeated samples. The laboratory datasheets which
present analytical results are included in Appendix F of this report. The groundwater at this
site flows to the north towards the ocean.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including AOC K. The summary includes the site background information, physical
characteristics, site hydrogeological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.

9.2 Site Characterization
9.2.1 Nature and Extent of Contamination
The Phase II PA/SI field investigation at AOC K included the installation and sampling of
two groundwater monitoring wells upgradient, and three monitoring wells downgradient
of the former water supply well. Groundwater samples were collected during the Phase II
PA/SI and were analyzed for metals, VOCs, SVOCs, pesticides, and PCBs. The groundwater
screening table is presented in Appendix B. A discussion of the results is presented below.

The analytical results indicated the presence of commonly occurring metals—aluminum,
barium, chromium, iron, manganese, thallium, and vanadium—in groundwater samples.
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Exceedances of the screening criteria for some of the metals were reported at all five
monitoring wells. The dissolved metals results show no detections greater than the
applicable screening criteria, indicating that the total metals exceedances are likely the result
of suspended particulates. A comparison against background concentrations for the metals
in groundwater is included at the end of this section.

With the exception of the common lab contaminant, BEHP, no other organic chemicals
VOCs, SVOCs, pesticides, or PCBs were detected at concentrations exceeding their
applicable screening criteria. The BEHP exceedance (19 µg/L) was reported at monitoring
well MW05 and appears to be an isolated incident as no other exceedances were reported
for this parameter. Furthermore, BEHP is a constituent of plastics and is also recognized as a
contaminant commonly resulting from well casing contamination, or use of plastic materials
in sampling and analysis. As summarized in Section 1.0, the DQE does report the presence
of phthalates in several of the blanks. As presented in Table 2 of Appendix I of Phase II
Expanded PA/SI, BEHP was detected in one of the two samples analyzed for at a
concentration of 4.5 µg/L, and as per EPA functional guidelines, any site concentrations less
than 45 µg/L are not considered site-specific. By this convention, the detected BEHP at the
site of 19 µg/L is not considered a COPC, though it was slightly above the tap water PRG
value (4.8 µg/L).

A tabulated summary of groundwater exceedances is presented in Table 9-1. Figure 9-3
presents the location of all wells identified as AOC K. A summary of the groundwater
exceedances by sample location is presented in Figure 9-4.

9.2.2 Contaminant Fate and Transport
No contamination source has been identified in the investigations conducted in the vicinity
of AOC K. Though benzene was reported during 1996 investigation by USGS, no benzene
was detected at the supply well or in the five wells installed immediately up- and
downgradient. Therefore, no future offsite migration or releases to currently uncontami-
nated areas/media were expected from this site. The site wells were evaluated for direct
exposure for the COPCs identified based on exceedance of screening criteria, though these
chemicals are common in natural background, and similar concentrations of the same
COPCs were detected at other sites within the former NASD.

9.2.3 Summary of Data Evaluation
Total metals were detected in groundwater samples at concentrations greater than the tap
water PRG criteria and were identified as COPCs for risk assessment. A comparison of the
detected groundwater inorganic concentrations against background is included at the end of
this section.

9.2.4 Conceptual Site Model
Figure 9-5 presents the CSM for AOC K. This site consists of an inactive and abandoned
historical potable water supply well in the former Public Works Area. The surrounding area
at the ground level is covered with grass. Previous investigations by the USGS indicated
that this well contained benzene greater than the federal MCL. The well was resampled in
November 2000, and found that benzene was not detected at that time (see Appendix F).
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Five new wells (three downgradient and two upgradient of the old supply well) were
installed to investigate potential nature and extent of benzene contamination area around
this well (see Figure 9-3) and none showed any benzene or related organic chemicals greater
than detection limits, indicating that no source area is present at the old water supply well
or its vicinity. Because no source area is present, no complete migration or exposure
pathways were expected for the old well or the additional new wells. Groundwater at the
site is 45 to 55 ft deep, and flows to the north toward the ocean.

As with other sites within the former NASD, several inorganic chemicals were detected in
the newly installed wells, and were evaluated in the risk assessment. There is currently no
potable groundwater use at or downgradient of this site. Thus, there are no complete
exposure pathways for current receptors under the existing land use designation. Future
potential exposures were evaluated assuming area water will be used for potable purposes,
and worker and residential receptors were evaluated.

9.3 Ecological Assessment Summary for Main Operations
Area (or Public Works Area) Sites: SWMUs 10, 14, 15,
AOCs C and F

An ecological survey was conducted for the sites located within the Main Operations Area
(or Public Works Area). The sites investigated included SWMUs 10, 14, 15, and AOCs C and
F. There is no surface contamination at AOC K, making it an incomplete pathway for all
ecological receptors from this site.

The plant communities are similar among all these sites. The plant communities mainly
consist of herbaceous species typical of mowed/maintained areas. Maintenance of the
grounds appeared to be main factor effecting the plant community composition and
structure within this area at the time the ecological survey was conducted in 2000.
To determine the relative health of the ecological community within the Main Operations
Area, a comparison was made by selecting a control plot outside of the sites, which is
located southeast of SWMU 14, and comparing the habitat with the sites identified above.
The ecological assessment concluded that there was no significant difference between any of
the sites and the control site, however it was noted that SWMU 10 presented a greater
abundance of some plant species than the control site.

AOC C had higher abundance of hydrophytic vegetation than the other sites because it is a
drainage ditch. SWMU 15, which is an old parking lot was reported to have stressed
vegetation, with domination by an exotic and invasive grass which is not significant. The
stress and decumbent growth is thought to be due to heavy vehicles parked in this area at
the time of the survey (see Figure 4-2). The soil compaction also limits the species diversity
of the site, and small patches of oil stains in the soil were reported in the south central
portion of the site.

The wildlife observed at these sites is typical for developed areas on Vieques Island. Horses
and mongoose were the mammal species observed, and several species of birds were also
observed. No federally protected species were observed in this area. The nearby NSRR
located on the main Island of Puerto Rico is identified as habitat for Arctic perigrine falcon,
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which prefers to feed in open areas. Since the Main Operations Area is an open area, it could
be a feeding habitat for this species, although none were observed at the site during the
ecological survey.

9.4 Human Health Risk Assessment
This section presents a summary of the pertinent information contained in the risk
assessment for AOC K. Appendix D-8 includes the RAGS Part D formatted risk assessment
table for this site wells. Screening data for all exposure routes and potential human
receptors are provided in Appendix D-8 for AOC K. The complete risk assessment and
accompanying tables are provided in Appendix E.

The source well did not have any detectable VOCs in samples collected in November 2000
(see Appendix F). The analytical results for the five groundwater well samples were
screened against the tap water PRGs, and any chemicals detected above criteria were
considered COPCs. These include aluminum, barium, chromium, iron, manganese,
thallium, and vanadium (see Table 9-1).

Exposure pathways to groundwater for future hypothetical industrial workers and resi-
dential receptors were considered complete at AOC K (see Table 9-2). Potable water for
Vieques Island is currently from a surface water source provided by the main Island of
Puerto Rico, an arrangement that is expected to continue. Despite the low probability that
this well would be used as a source of potable water, future receptors were assumed to be
exposed to site groundwater, and risk was evaluated as conservative measure and for
comparison purposes. Table 9-3 presents the risk characterization summary for the
quantitatively evaluated receptors at AOC K. No groundwater COPCs are carcinogens, thus
there was no carcinogenic risk estimated.

Industrial Worker
The estimated HI for an industrial worker exposed to groundwater is 1.53, which exceeded
the target value of 1.0, primarily from thallium (HI=0.86). No target organ-specific HI was
exceeded for a future industrial worker receptor using area groundwater for potable use.
Thallium was detected in two of five samples, with a maximum detected concentration of
9.3 µg/L, compared to an MCL of 2 µg/L, and a background concentration range of 4.8 to
18 µg/L.

Residential Receptors
For a residential adult, the HI is 4.3, which is greater than the target HI value of 1.0. The
ingestion of thallium in groundwater was the primary contributor to target organ-specific
HI above 1.0, HI=2.4. For a residential child, the combined HI for exposure to groundwater
is 10.1, which exceeds the target HI of 1.0, again due to thallium. The detected thallium
maximum concentration is in the two upgradient wells (AOC-K-MW01 and AOC-KMW-03),
where as none of the downgradient wells detectable thallium levels. A further discussion of
comparison with background levels is included below.
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9.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The site groundwater metals concentrations compared against the site-specific background
concentrations and the general background well concentrations are presented in Table 9-4.
As previously stated, the detected thallium is well within the thallium levels detected in
background wells.

Aluminum, iron, and thallium detected in the AOC K wells are similar to those detected in
the wells around former NASD. Detected thallium concentrations ranged from 8 µg/L to
9.3 µg/L compared to a range of 4.8 to 18 µg/L in the background wells. Iron concentrations
ranged from 86 to 9,600 µg/L compared to a background range of 480 to 4,800 µg/L.
However, groundwater iron levels in AOC K wells are similar to those observed across
former NASD sites within the maintenance complex area and lower than the iron levels
observed in SWMU 14 upgradient well SWMU14-MW02, indicating both iron and thallium
are from background conditions and are not specific to the site (see Appendix E).

The detected inorganic chemical levels are due to high turbidity in groundwater samples, as
with other sites within former NASD. Thus, the observed metal exceedances were likely the
result of natural geochemical conditions at the site, and not specific to AOC K. Also, the
dissolved metals samples did not differ from background samples. This indicates that
detected metals were likely from suspended particulate matter within the groundwater
samples. Based on this information, it is likely that the metals detected at AOC K are from
background sources and are not site-related. The BEHP groundwater exceedance at
monitoring well AOC-K-MW05 was an isolated occurrence and may be the result of plastic
ware in the sampling and analysis process, as discussed above from DQE summary (see
Section 1.0).

9.4 Summary of Site Risks
Five new wells were installed during the PA/SI to investigate USGS-reported benzene in
the former water supply well. The well has been plugged and abandoned, and sampling
conducted prior to closing the well revealed that benzene was no longer detected. The
original USGS reported low level benzene was not confirmed in any of the five newly
installed wells. No organic chemicals were identified in the site investigation, and inorganic
chemicals were detected in unfiltered groundwater samples, which were included for COPC
selection. Dissolved metals were below detection limits or detected concentrations are much
lower and similar to background well dissolved metals levels, indicating that detected total
metals could be associated with suspended particulates.

There were no carcinogenic COPCs identified in site groundwater. The target HI of 1.0 was
exceeded for all receptors (industrial and residential) because of the presence of thallium in
groundwater at an average concentration of 8.7 µg/L (in two wells with detects out of five).
For a residential child, the HI exceeded the acceptable limit, primarily due to thallium in
groundwater. Therefore, any elevated health hazard that may be present in AOC K
groundwater from thallium should not be site-related, and this site should not be
considered to present an excessive risk or hazard to human health. No remedial actions are
needed for the site.
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9.5 Conclusions and Recommendations
Site groundwater is free of any organic contamination, and detected inorganic chemicals are
the same as those detected in background samples and other sites across former NASD, and
concentrations are also similar. No evidence exists to suggest that a release of hazardous
materials to groundwater has occurred at AOC K, as none were detected in any of the wells
upgradient or downgradient from the site. No further investigation or remedial action for
the groundwater is necessary for the protection of human health based on an analysis of
available groundwater sample results and pertinent information for the site. Therefore, the
selected remedial alternative for the groundwater at the site is NFA. No additional sampling
or monitoring of the groundwater will be necessary because the conditions at the site are
protective of human health and the environment. No further groundwater monitoring will
be required under CERCLA as a result of the NFA alternative.
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TABLE 9-1
AOC K COPC Selection for Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration

Mean
Concentration of

Detects

Best
Estimate of
the Meana

Tap Water
PRGb

(HI=0.1) MCLc

2 Aluminum 5 4 9,100 680 3,172.5 2547.5 3,650 NA

2 Barium 5 5 390 94 204.8 204.8 255 2,000

2 Chromium 10 3 19 4.8 9.57 3.1745 10.95 NA

2 Iron 5 5 9,600 86 3,075.2 3,075.2 1,095 NA

2 Manganese 5 5 1,300 18 394 394 88 NA

2 Thallium 5 2 9.3 8 8.65 4.48 0.24 2.0

2 Vanadium 5 5 64 6.9 23.18 23.18 26 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c Maximum Contaminant Levels. EPA Office of Water. http://www.epa.gov/safewater/mcl.html
Units in µg/L (ppb)
HI -- Hazard Index
MCL -- Maximum contaminant level
NA -- Not available
PRG -- Preliminary remediation goal
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TABLE 9-2
AOC K Potentially Complete Exposure Pathways and Receptors for Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Industrial
Worker

Groundwater Ingestion and dermal
contact with site
groundwater

Yes Although unlikely, pathway assumed
for comparison purposes.

Residents Groundwater Ingestion and dermal
contact with site
groundwater

Yes Although the site is unlikely to be
considered for residential land use
and well is abandoned and unusable,
this is a worst-case scenario for
comparison purposes.
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TABLE 9-3
AOC K Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Industrial Worker

Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.516 0.000 0.010 1.526

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.52 0.00 0.01 1.53

Residential Adult

Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.245 0.000 0.077 4.322

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.24 0.00 0.08 4.32

Residential Child

Groundwater Groundwater

0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.904 0.000 0.239 10.143

Total Total

0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.90 0.00 0.24 10.14
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TABLE 9-4
Background Concentrations in Groundwater Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter Units
Range of Background

Concentrations
Background

UTL

Maximum
Detected Site
Concentration

Average Site
Detected

Concentration

Minimum Maximum

Aluminum µg/L 130 3,500 3,500 9,100 3,173

Barium µg/L 15 960 960 390 205

Iron µg/L 480 4,800 4,800 9,600 3,075

Manganese µg/L 100 17,000 17,000 1,300 394

Thalliuma µg/L 4.8 18 18 9.3 8.7

Vanadium µg/L 1.8 75 75 64 23
aThallium was highest in upgradient wells AOC-K-MW-01 and AOC-K-MW-03.
µg/L = micrograms per liter or parts per billion (ppb)
UTL -Upper tolerance limit
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FIGURE 9-1
AOC K Former Water Well Area (Well is Behind the Coconut Palms Across the Street)

FIGURE 9-2
AOC K Former Water Well (Closer View of Well Location)
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SECTION 10

Site-Specific Decision Summary for
AOC L – Abandoned Septic Tank

10.1 Description
AOC L consists of a 25-ft by 40-ft concrete septic vault with separate compartments. The
septic vault is partially buried to the south and three-quarters of the total length is exposed
to the north. The vault is north of the Main Operations Area, north of the main road that
crosses the former NASD, and approximately 200 ft from the beach. The area surrounding
the vault consists of low-growing vegetation (grasses and shrubs). It is suspected that the
vault was in existence when the area was used for sugarcane farming, or it may have been
installed as a septic tank in 1941 to treat and dispose of sewage for the Navy administrative
buildings that existed there. There was never a drain-field identified that was associated
with the vault. The vault has been out of service since 1942. Currently, the vault consists of a
dry cement container with an opening on the top. There is a spill overflow at the northeast
corner of the vault. There are no indications that the vault was used for industrial purposes,
but because the actual historical use of the site is unknown, the site was investigated.
Figures 10-1 and 10-2 show photos of the site.

Section 1.0 of this NFA report summarizes the general issues related to all of the sites,
including AOC L. The summary included the site background information, physical
characteristics, site hydrogeological features, future land use, UXO/OE survey findings for
the western portion of the island including the former NASD, data collection depths, types
of data, DQE findings, and the general approach to the risk assessment. The following text
presents the site-specific information.

10.2 Site Characterization
10.2.1 Nature and Extent of Contamination
Four surface soil (0 to 0.5 ft bls) and four subsurface soil samples (5 to 6 ft bls) were collected
at AOC L as part of the Phase II Expanded PA/SI investigation. Surface soil samples were
collected from all four sides of the old septic vault. One of the sampling locations was near
the potential spill/overflow area. Subsurface samples were also collected from all four sides
of the septic tank, at a depth between 5 and 6 ft bls. Soil samples were analyzed for
chemicals, metals, VOCs, SVOCs, pesticides, and PCBs. The surface and subsurface soil
screening tables are presented in Appendix B. Figure 10-3 includes the sample locations
collected from AOC L. Figure 10-4 presents the chemicals identified as exceeding the
screening criteria within the soil samples.
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Surface Soil Results
No organic chemicals (i.e., VOCs, SVOCs, pesticides, PCBs) were reported at levels greater
than detection limits in the soil samples, except for trace levels of a VOC that was also
detected in the blanks (see DQE summary in Section 1.0). The analytical results indicated
detections of aluminum, arsenic, iron, and manganese in surface soil at concentrations
greater than the residential PRG criteria. One or more of these metal exceedances were
reported at all four sampling points. The metal concentrations detected in surface soil are
compared with the background concentrations for the former NASD at the end of this
section. A summary of the surface soil exceedances is presented in Table 10-1. Appendices B
and C provide data by sample and statistical summaries, respectively, for the detected
chemicals at AOC L. Appendix D-9 presents a screening of all the detected chemicals
against criteria at AOC L, in tables formatted according to RAGS Part D guidance.

Subsurface Soil Results
No VOCs (only trace levels of xylenes, as listed in Appendix B) were greater than screening
criteria, and SVOCs, pesticides, and PCBs were not detected in subsurface soil samples.
Arsenic and iron were detected above PRGs, but none were above SSLs. Table 10-2 presents
the COPC selection for subsurface soil. EPA does not list SSLs for some of the commonly
occurring metals. The detected inorganic chemicals in the subsurface soil were compared
against background soil inorganic chemicals. This discussion is presented at the end of this
section. Thus, site subsurface soil data collected from biased locations closest to the vault do
not indicate the presence of releases, as no organic chemicals were detected.

10.2.2 Contaminant Fate and Transport
No contamination has been identified at levels greater than screening criteria in the surface
and subsurface soil samples collected from all sides of the vault. There are no known reports
of a release having occurred at this site. An analysis of site soils did not detect any organic
contamination. Only inorganic chemicals were detected in surface soil samples greater than
PRGs. The potential for site surface soil inorganic migration is mostly through surface
runoff, as metals are not very soluble and thus are not mobile vertically through the soil
column. The subsurface soil did not have any metals above screening criteria. In addition,
the overall migration pathways are not significant for this site, as no organic contamination
is identified and inorganic chemicals are similar to background levels. Because no
contamination was identified specific to the site, no offsite migration through fate and
transport processes was identified as a concern for this site. A comparison of background
levels versus site inorganic chemicals is included at the end of this section.

10.2.3 Data Evaluation Summary
Only four surface soil metals exceeded residential screening criteria. No subsurface soil
constituents were detected at levels greater than comparison criteria. The metals data
reported are likely the result of soil background conditions. The data also show that there is
no organic contamination at the AOC L site at the present time. All COPCs identified from
exceedance of criteria, regardless of their origin, were included in the human health risk
assessment (see Appendix E).
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10.2.4 Conceptual Site Model
Figure 10-5 presents the CSM for AOC L. Currently, the site is an empty cement vault with
compartments and an opening at the top. During the site visit, some bones were observed
inside the vault, which apparently traps small animals that enter it but cannot climb out.

The site has not been a source of potential contamination since 1942, when the site was
decommissioned. Any historical use-related organic chemicals would have migrated,
degraded/ attenuated with time. Inorganic chemicals are not expected from the reported
past uses; however, if such chemicals were released to the subsurface soil, they may have
either become bound to the subsurface soil or released to the groundwater. Chemicals
leaching to groundwater could potentially migrate offsite to the north following the
predominant downgradient flow direction. Surface releases, if they occurred, would have
been at the overflow at the north side of the vault, as it is buried in the subsurface on three
sides: fully to the south, and one-half to two-thirds on the east and west sides. The north
side of the vault is buried approximately one-quarter of its height. Surface releases would
have deposited on soils and runoff with rain water.

There were no direct exposures expected to subsurface soil or groundwater at the site,
assuming normal conditions. However, site soil and groundwater data were conservatively
evaluated for industrial (workers) or residential (adult and child) land use to represent a
worst-case exposure scenario. A construction worker scenario used for other sites does not
have complete exposure pathway at this site due to the absence of COPCs in subsurface soil
at AOC L, as further discussed below.

10.3 Ecological Assessment Summary for AOC L
An ecological survey was conducted as part of the Phase II Expanded PA/SI for this site,
and is presented in Appendix F of the Phase II Expanded PA/SI report (CH2M HILL,
November 2002). The site is described to be located about 90 ft north of Highway 200, and
approximately 180 ft south from the beach. The vault is approximately 0.1 acre in size.
During the ecological survey, the septic vault had grates. The vegetation community at this
site consists of herbaceous plant community, which is abundant and diverse; the immediate
surrounding area included open grasslands, large shade trees, and the beach area.
Hurricane grass dominated the site, covering approximately 70 percent of the area, and
several vines were also reported. The ground maintenance was the primary factor effecting
the plant community at AOC L. When compared with a control area located farther east of
the site, the plant community at AOC L is similar to the reference sites.

In terms of area wildlife, a herd of horses was observed grazing on the adjacent grasslands,
and rat holes were encountered on the eastern side of the vault. No birds or lizards were
observed at the vault. However, additional species were observed in the adjacent beach habitat
and the reference site. One cattle egret, a bananaquit, two common terns, a spotted sand piper,
and a cattle egret were observed in the adjacent beach habitat. The bird species observed at this
habitat type consisted of coastal forest and shore species due to the close proximity to the
Caribbean. There is no evidence that the AOC L site had an impact on the wildlife or habitat in
the area. Ground maintenance is the primary factor affecting the plant and animal species
composition and structure at this site, similar to other developed sites in the area.
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10.4 Human Health Risk Assessment
This section summarizes the pertinent information contained in the risk assessment for
AOC L. Screening data for all exposure routes and potential human receptors are presented
in Appendix D-9 in RAGS Part D formatted tables. The complete risk assessment and
accompanying tables can be found in Appendix E.

Four surface and four subsurface soil samples were collected at AOC L. Aluminum, arsenic,
iron, and manganese were selected as COPCs for surface soils. Arsenic and iron were
identified as COPCs in subsurface soils. The exposure pathways in surface soils for future
hypothetical workers, recreational users/ trespassers, and residential receptors were
considered complete at AOC L (see Table 10-3). The exposure pathway identified for
subsurface soil at AOC L was a construction worker scenario where removal of the tank or
building in the area may occur when the land is transferred from the Navy to private
owners. Thus, the unrestricted land use scenario is evaluated for site management decisions.
Because of the small size of the site, it is unlikely that any receptors would be exposed to
this site at the frequency assumed by this risk assessment; the results are considered highly
conservative and protective of any worst-case scenario. Table 10-4 presents the risk
characterization summary for the quantitatively evaluated receptors at AOC L.

Maintenance Worker
For a maintenance worker, the ELCR for exposure to surface soils is 1.3E-7, which is less
than the acceptable risk range of 1E-4 to 1E-6. The estimated HI for exposure to surface soils
is 0.017 and is less than the target HI of 1.0 for noncarcinogenic exposure.

Industrial Worker
The estimated combined ELCR for a industrial worker exposed to surface soils and
groundwater is 6.3E-7, which is less than the acceptable risk range of 1E-4 to 1E-6.  The
noncarcinogenic HI is estimated to be 0.08, which is well below a value of 1.0.

Construction Worker
The subsurface soil was evaluated up to 10 ft-deep for potential exposure to construction
workers; arsenic and iron were identified as COPCs. The EPCs included both surface and
subsurface soil sample concentrations. The ELCR for a future construction worker is
estimated at 4.8E-8, which is below the EPA acceptable risk range of 1E-4 to 1E-6. The HI to
a future construction worker is estimated to be 0.169, which is less than the target HI of 1.0.

Recreational Receptors
The estimated combined ELCR for a recreational adult and child exposed to surface soils is
2.8E-7 and 5.3E-7, respectively, and is less than the acceptable risk range. The HI of 0.035
and 0.02, respectively, is less than the target HI of 1.0.

Residential Receptors
For a residential adult and a child, the ELCRs are 7.9E-7 and 1.8E-6, respectively, which are
within the EPA acceptable risk range of 1E-4 to 1E-6. The combined cancer risk from
exposure to a resident living in the same area as a child and an adult is 2.6E-6, which is also
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within the EPA acceptable risk range. The HI for an adult was estimated to be 0.11, which is
less than the target value of 1.0. For a residential child, the HI for exposure to surface soils is
1.0, which is at the acceptable HI of 1.0, with primary contribution to the health hazard from
iron with an HI equal to 0.75. No single target organ HI was above a value of 1.0 (see
Appendix D-9). As a result, residents would not be exposed to an unacceptable level of
carcinogenic or noncarcinogenic risks from exposure to surface soils at this site. This
conservative evaluation scenario indicates that the site is fit for unrestricted land use. A
comparison of site inorganic chemicals with background levels is included below.

10.5 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The site soil inorganic chemical concentrations are compared against the range of
background concentrations, as presented in Table 10-5. As can be observed from these
tables, the surface soil and subsurface soil COPCs identified at AOC L have similar
concentrations as the background levels.

10.6 Summary of Site Risks
The cancer risks and health hazard effects are within the acceptable limits for furture
maintenance workers, industrial workers, construction workers, recreational receptors, and
residential receptors. Metal concentrations detected in surface soils are well within the range
of background concentrations found in soils across the former NASD. Because of the
absence of elevated health risks and lack of site-specific contamination in AOC L soils, AOC
L is recommended for NFA status.

10.7 Conclusions and Recommendations
The risk to human health resulting from a conservative evaluation assumed for exposure to
AOC L is low, and within background levels. Current site and environmental testing data
indicate that NFA is warranted at AOC L. Therefore, the NFA alternative is recommended
for this site.
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TABLE 10-1
AOC L COPC Selection for Surface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate
of Meana

Residential
PRGb

(HI=0.1)

Industrial
PRGb

(HI=0.1)
SSLc

(DAF=20)

2 Aluminum 4 4 9,150 6,350 7,748 7,748 7,614 10,000 NA

2 Arsenic 4 3 1.0 0.46 0.66 0.53 0.39 1.6 29

2 Iron 4 4 17,700 12,600 14,550 14,550 2,346 10,000 NA

2 Manganese 4 4 472 332 397 397 176 1,946 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002). Http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996). http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 10-2
AOC L COPC Selection for Subsurface Soils
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

PA/SI
Phase Chemical

No. of
Samples

No. of
Detects

Maximum
Detected

Concentration

Minimum
Detected

Concentration
Mean of

Detections

Best
Estimate of
the Meana

Industrial
PRGb

(HI=0.1)
SSLc

(DAF=20)

2 Arsenic 8 6 1.7 0.46 1.1 0.86 1.6 29

2 Iron 8 8 17,700 5,100 11,596 11,596 10,000 NA
a The best estimate of the mean includes non-detects at half the detection limit.
b Region 9 Preliminary Remediation Goals (PRG, EPA, 2002). http://www.epa.gov/region09/waste/sfund/prg/
c EPA Soil Screening Guidance: Technical Background Document. (EPA, 1996).
 http://www.epa.gov/superfund/resources/soil/toc.htm
Units in mg/kg (ppm)
DAF -- Dilution attenuation factor
HI -- Hazard Index
NA -- Not available
PRG -- Preliminary remediation goal
SSL -- Soil screening level
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TABLE 10-3
AOC L Potentially Complete Exposure Pathways and Receptors
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Maintenance
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Scenario is protective of any occasional
maintenance work such as lawn moving.

Industrial
Worker

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Area could be developed in the future for
industrial use. Both site soil and
groundwater exposure is assumed.

Construction
Worker

Subsurface
Soil

Ingestion, dermal
contact and inhalation
exposure to COPCs in
site subsurface soils

Yes Scenario is protective of any occasional
construction activities at the site.

Recreational
Users

Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Area could be developed in the future for
recreational use and would be protective
of any occasional trespasser.

Residents Surface Soil Ingestion, dermal
contact and inhalation
exposure to COPCs in
site surface soils

Yes Although the site is unlikely to be
considered for residential development,
this is a worst-case scenario for
comparison purposes.
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TABLE 10-4
AOC L Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Maintenance Worker
Surface Soil Surface Soil

1.1E-07 1.6E-10 2.2E-08 1.3E-07 0.0152 0.0012 0.0006 0.01705
Total Total

1.1E-07 1.6E-10 2.2E-08 1.3E-07 0.0152 0.0012 0.0006 0.0170
Industrial Worker

Surface Soil Surface Soil

5.2E-07 7.7E-10 1.0E-07 6.3E-07 0.073 0.006 0.003 0.08
Total Total

5.2E-07 7.7E-10 1.0E-07 6.3E-07 0.07 0.006 0.00 0.08
Recreational Adult

Surface Soil Surface Soil

2.1E-07 3.1E-10 7.2E-08 2.8E-07 0.030 0.002 0.002 0.04
Total Total

2.1E-07 3.1E-10 7.2E-08 2.8E-07 0.03 0.002 0.00 0.04
Recreational Youth

Surface Soil Surface Soil

4.9E-07 3.6E-10 4.1E-08 5.3E-07 0.284 0.011 0.005 0.30
Total Total

4.9E-07 3.6E-10 4.1E-08 5.3E-07 0.28 0.011 0.01 0.30
Construction Worker

Surface Soil Surface Soil

4.4E-08 2.0E-11 4.0E-09 4.8E-08 0.168 0.000 0.002 0.17
Total Total

4.4E-08 2.0E-11 4.0E-09 4.8E-08 0.17 0.000 0.00 0.17
Residential Adult

Surface Soil Surface Soil

7.0E-07 1.0E-09 8.4E-08 7.9E-07 0.103 0.008 0.003 0.11
Total Total

7.0E-07 1.0E-09 8.4E-08 7.9E-07 0.10 0.008 0.00 0.11
Residential Child

Surface Soil Surface Soil

1.6E-06 1.2E-09 1.4E-07 1.8E-06 0.957 0.037 0.017 1.01
Total Total

1.6E-06 1.2E-09 1.4E-07 1.8E-06 0.96 0.037 0.02 1.01
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TABLE 10-5
Background Range of Concentrations for Soils Compared to Site Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter Units
Range of Background

Concentrations
Background

UTL

Maximum
Detected Site
Concentration

Average Site
Detected

Concentration

Minimum Maximum

Surface Soil

Aluminum mg/kg 1,600 29,000 29,000 9,150 7,748

Arsenic mg/kg 0.57 2.5 2.3 1.0 0.66

Iron mg/kg 2,500 39,000 37,531 17,700 14,550

Manganese mg/kg 48 1,200 1,167 472 397

Subsurface Soil

Arsenic mg/kg 0.57 2.5 2.3 1.7 1.2

Iron mg/kg 2,500 39,000 37,531 12,500 8,643

mg/kg = milligrams per kilogram or part per million (ppm)
UTL Upper tolerance limit
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FIGURE 10-1
AOC L Abandoned Septic Tank Area (Facing North to Caribbean)

FIGURE 10-2
AOC L Abandoned Septic Tank Area (Vines Covering the Vault Grates
and Adjacent Offsite Brush)
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SECTION 11

Areawide Groundwater Evaluation for Former
Main Operations Area

11.1 Groundwater Data Description
Groundwater samples were collected from several sites within the former Main Operations
Area. The groundwater investigation was conducted at wells that were installed at six of the
nine sites identified within the Main Operations/Public Works Area of the former NASD.
Those sites include SWMUs 14, 15, AOC C, AOC E, AOC F and AOC K. Of these sites, AOC
E is not addressed in this report, as that site is identified for further remedial investigations,
and is addressed in a separate report.

The wells from SWMUs 14, 15, AOC C, AOC F, and AOC K are evaluated in this section to
determine the areawide groundwater quality within the former Main Operations Area, and
also to determine the potential exposure-related risks from potable use of the area
groundwater. It is important to note that groundwater for potable use is typically from the
deeper wells, which can produce sufficient water yield to serve for potable use. The shallow
water table in this area is not of adequate production capacity to serve as a potable source;
this was observed during well monitoring at different sites during the two phases of the
Expanded PA/SI. As a result, this evaluation is primarily for comparison purposes.

A site-specific groundwater risk calculation was included for the individual sites where
groundwater was sampled. In addition, the cumulative risks from exposures to this site
medium were estimated and included in the earlier sections. The areawide groundwater
evaluation is added as a new section to this revised report, upon the recommendation of the
agencies during the review of the prior version submitted.

As mentioned previously, Section 1.0 of this NFA report includes the background
information for the former NASD, physical characteristics of the area, site hydrogeological
features, future land use, UXO/OE survey findings, and ecological assessment conducted
for the western portion of the Vieques Island. Section 1.0 also includes data collection
depths, types of data, DQE findings and the general approach to the risk assessment.
Currently there are no Navy-related operations within this area of the former NASD.

11.2 Groundwater Characterization
The groundwater flows from higher topographic areas to the lower topographic areas, from
south to north towards the ocean in the former Main Operations Area. A USGS topographic
map of the western portion of Vieques Island and the relative location of the former Main
Operations Area is presented in Figure 1-6. A CSM for the groundwater flow direction is
presented in Figure 1-10.
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The shallow groundwater occurs at about 50 ft bls. After stabilization of monitoring wells
the water depths were measured at approximately 40 to 42 ft bls. The significant rainwater
migration pathway in this clay-rich soil with relatively steep slopes towards the ocean, is the
surface runoff with a relatively low recharge through infiltration of the rainwater. The
shallow groundwater has very low yield and samples were difficult to obtain without
turbidity; the wells were pumped dry during sampling. Thus, most of the detected
inorganic chemicals were also from wells with high turbidity, and are thus likely associated
with suspended particle in water samples. The dissolved metals measured in the same
samples were at much lower concentrations, which supports the assumption that most of
the inorganic chemicals are particulate-bound. The corresponding well logs were presented
as appendices to the Expanded PA/SI reports.

11.2.1 Nature and Extent of Contamination
Figure 11-1 presents the location of all the wells included for this analysis. There are a total
of 13 wells located within the former Main Operations Area, associated with five of the sites
that are included in this report. A total of five of these wells (two wells at AOC K, one well
at SWMU 14, and one well at AOC F) are site-specific upgradient wells. The wells associated
with the AOC E, the site that is proposed for further remedial investigation are not included
in this report.

Figure 11-2 presents a summary of the chemicals that were identified as exceeding the PRGs
at these sample locations, although some of these were not COPCs as discussed below.
Appendices B and C present all of the detected data for groundwater. Appendix D-10
presents the detected chemicals as compared to the PRGs (tap water) and the available
MCLs. Toluene was the only VOC detected. It was detected at a range from 0.43 to 0.75
µg/L in three out of 13 samples. Two phthalates were also detected. Bis-2ethylhexyl-
phthalate was detected at 19 µg/L in one out of 13 samples. Di-ethyl-phthalate was detected
at 8 µg/L and 10 µg/L in two out of 13 samples. These were the only VOC and SVOC
chemicals detected. One pesticide, dieldrin, was also reported at 0.001 µg/L in one out of 13
samples. All four of these organic chemicals were within the levels of the same chemicals
detected in various blank samples, and are discussed in the DQE during the two phases of
the Expanded PA/SI. A summary of this DQE is presented in Section 1.0. Dieldrin was
selected as COPC for groundwater as it was detected in site well sample during the Phase I
PA/SI. Dieldrin was detected in blanks from the Phase II PA/SI samples, but not in the
Phase I sample blanks. The other three organic chemicals were detected in blanks for both
phases of the PA/SI. According to the EPA functional guidelines for data evaluation, they
were not identified as associated with the site. Thus, dieldrin is included as a COPC for the
risk assessment as discussed below.

Several inorganic chemicals were detected in all the well samples. Of these, aluminum,
antimony, barium, chromium, iron, manganese, thallium, and vanadium were identified as
exceeding the tap water PRG values. Except for thallium, none of the inorganic chemicals
were above their respective MCLs. All of the chemicals that were detected at levels
exceeding the PRGs were included in a conservation risk evaluation, as presented below.
Table 11-1 presents an analytical summary of the groundwater COPCs that were identified.
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11.3 Human Health Risk Assessment
The results of the human health risk assessment are presented in Appendix D-10 for all the
complete exposure pathways that were identified. The tables in Appendix D-10 were
formatted according to the RAGS Part D guidance. This section summarizes the pertinent
information contained in the risk assessment for groundwater at the site. Screening data for
all exposure routes and potential human receptors are provided in Appendix D-10.

Dieldrin, aluminum, antimony, barium, chromium, iron, manganese, thallium, and
vanadium were selected as COPCs for groundwater. Dieldrin was detected in only one
sample out of 13 wells, and is the only organic COPC identified. The potential exposure
pathways evaluated for groundwater are the future hypothetical workers, and residential
receptors. Table 11-2 presents a summary of this information. Table 11-3 presents the risk
characterization summary for the quantitatively evaluated receptors for groundwater.

Industrial Worker
The estimated combined ELCR for an industrial worker exposed to areawide groundwater
is 5.6E-7, which is less than the acceptable risk range of 1E-4 to 1E-6. The estimated HI of 1.7
for exposure to groundwater is due to the thallium and iron levels. Thallium was only
detected in the upgradient wells at AOC K.

Residential Receptors
For a residential adult and child, the ELCRs are 1.5E-6 and 8.8E-7, respectively, which are
within the EPA acceptable risk range of 1E-4 to 1E-6. The combined cancer risk from
exposure to a resident living in the same area as a child and an adult is 2.4E-6, which is also
within the EPA acceptable risk range. The HI for a residential adult was estimated to be 5.0,
and is above the target value of 1.0. For a residential child, the HI for exposure to areawide
groundwater is 11.9, which is above the acceptable HI of 1.0, primarily from thallium and
iron. All of the thallium was detected in the upgradient wells at AOC K (see Appendix D-8).
A comparison of background wells versus the site wells is included below.

This risk assessment is very conservative and with a high level of uncertainty, as it is
unlikely for the maximum concentrations of chemicals from different locations to be
exposed to the same receptors (i.e., wells tend to be in a particular location). In addition,
groundwater in the shallow aquifer is not usable for potable purposes. The measured
inorganic chemicals were also associated with suspended particles in the groundwater. This
risk assessment was conducted at the request of reviewing agencies for comparison
purposes. Most of the estimated hazards are from inorganic chemicals from turbid samples
collected from site-specific upgradient wells, and do not represent contamination from site
operations, but rather represent the natural geochemical conditions in this area.

11.4 Comparison of Background Inorganic Chemical
Concentrations to Site Concentrations

The site well inorganic chemicals were compared against the range of background
concentrations, and are presented in Table 11-4. As can be observed from the table,
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aluminum, chromium, and vanadium were higher in the site wells; all other chemicals were
within background levels.

A comparison of the site-specific upgradient wells against the site wells is presented in
Table 11-4, where well SWMU14-MW01 is upgradient of SWMUs 14 and 15 and AOC C.
Wells AOC-K-MW01 and MW-03 are both upgradient of AOC K , and all other sites within
the former Main Operations Area, and AOC F-MW01 is upgradient of AOC F. Figure 11-2
and Appendix B present the individual well concentrations for these wells. As can be noted
from these individual well concentrations, the upgradient wells have the highest thallium
levels at AOC K and several metals were elevated at the SWMU 14 upgradient well. All of
these wells have high turbidity during sampling, while the methods followed for sampling
are the standard protocols as per guidance.

11.5 Summary of Site Risks
The cancer risks from groundwater in the shallow water table are within acceptable limits
for industrial workers and future residential receptors. Metals concentrations detected in the
shallow groundwater resulted in hazards above acceptable limits. The primary contributor,
thallium, was detected in the wells that are upgradient to the former Main Operations Area,
and thus is not specific to any of the sites. Dissolved levels of all the metals are within the
acceptable limits. None of the chemicals from site wells are above MCLs, and the observed
metals are from suspended soil particles. Table 11-3 presents the risk summary for the
areawide groundwater.

11.6 Conclusions and Recommendations
Health hazards that are associated with the potable use of the groundwater are not within
acceptable limits. However, no chemicals exceeded the MCLs. There are no site-related
chemicals in the groundwater, and the groundwater is located relatively deep (40 to 50 ft
bls) at the site with very little possibility for soil-to-groundwater migration potential. The
shallow wells are not fit for potable use due to low yield, and thus have little potential for
actual exposure. NFA status is recommended for the site groundwater, due to the lack of
MCL exceedances.
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TABLE 11-1
COPC Selection for Areawide Groundwater
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter Units
Detects/No. of

Samples
Maximum

Detect
Minimum

Detect
Mean of
Detects

Tap Water
PRGa

(HI = 0.1)

Dieldrin µg/L 1/13 0.01 0.01 0.01 0.0042

Aluminum µg/L 12/13 18,800 152 3,667 3650

Antimony µg/L 3/13 2.3 1.5 1.02 1.46

Barium µg/L 1/13 390 20.2 143 255

Chromium µg/L 12/13 30.8 2.2 9.85 10.9

Iron µg/L 13/13 23,900 86 4,525 1,090

Manganese µg/L 13/13 1,300 18 313 87.6

Thallium µg/L 2/13 9.3 8 2.55 0.24

Vanadium µg/L 13/13 83.9 6.9 30.2 25.5
a Region 9 Preliminary Remediation Goals (PRG). (EPA, 2002).
Http://www.epa.gov/region09/waste/sfund/prg/
Units are in µg/L (ppb)
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TABLE 11-2
Potentially Complete Exposure Pathways and Receptors for Areawide Groundwater at the Former Main Operations Area
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Future
Receptor Media

Exposure Route and
Point of Exposure

Pathway
Selected for
Evaluation? Reason for Selection or Exclusion

Industrial
Worker

groundwater Ingestion, and dermal
contact exposures to
COPCs in area
groundwater

Yes To assess the groundwater quality in the
shallow aquifer across the PWA.

Residents
(adult and
child)

groundwater Ingestion, and dermal
contact exposures to
COPCs in area
groundwater

Yes To assess the groundwater quality in the
shallow aquifer across the PWA.
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TABLE 11-3
Areawide Groundwater Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

ELCR HI

Receptor Ingestion Inhalation Dermal Total Ingestion Inhalation Dermal Total

Industrial Worker

Groundwater Groundwater

5.6E-07 0.0E+00 4.6E-10 5.6E-07 1.737 0.000 0.022 1.759

Total Total

5.6E-07 0.0E+00 4.6E-10 5.6E-07 1.74 0.00 0.02 1.76

Residential Adult

Groundwater Groundwater

1.5E-06 0.0E+00 4.6E-10 1.5E-06 4.864 0.000 0.166 5.030

Total Total

1.5E-06 0.0E+00 4.6E-10 1.5E-06 4.86 0.00 0.17 5.03

Residential Child

Groundwater Groundwater

8.8E-07 0.0E+00 4.6E-10 8.8E-07 11.349 0.000 0.511 11.860

Total Total

8.8E-07 0.0E+00 4.6E-10 8.8E-07 11.35 0.00 0.51 11.86
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TABLE 11-4
Background Range of Concentrations for Groundwater Compared to Areawide Well Concentrations
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Parameter Units
Range of Background

Concentrations
Maximum Detected
Site Concentration

Average Detected
Site Concentration

Minimum Maximum

Aluminum µg/L 130 3,500 18,800 3,667

Antimony µg/L 5.10 5.20 1.60 1.02

Barium µg/L 15 960 390 142

Chromium µg/L 3.7 6.8 31 9.85

Iron µg/L 480 4,800 23,900 4,525

Manganese µg/L 100 17,000 1,300 313

Thallium µg/L 4.8 18 9.3 2.55

Vanadium µg/L 1.8 75 83.9 30.2

µg/L = micrograms per liter or part per billion (ppb)
UTL Upper tolerance limit
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SECTION 12

Summary and Recommendations by Site

A screening levels evaluation for each site was conducted as part of the Expanded PA/SI
reports. This report includes a risk-based evaluation for the data previously collected and
presented in the PA/SI reports. A total of nine sites at the former NASD are recommended
for NFA. Detailed site-specific recommendations for each site are provided in the previous
sections and summarized in this section. An ecological assessment was conducted as part of
the Expanded PA/SI, and concluded that the sites are similar to the control areas, and thus
do not have significant impact from historical operations on ecological receptors in the area.
The draft NFA report was reviewed by EPA Region 2 and PREQB, and during the
comments it was recommended that a NASD-wide groundwater evaluation be conducted.
Section 11.0 of this draft final report presents the areawide groundwater risk assessment.

The COPCs identified for all media including surface soil, subsurface soil, and groundwater
are included in Table 12-1, and present the conclusions as to whether they are related to the
site. The cancer risk and HI summary for various exposure scenarios is presented in Table
12-2. A comparison of the site metals COPCs against background metals is included at the
end of each site-specific section. As can be noted from these tables, with the few exceptions
of some metals in groundwater with high turbidity, all are within the range of background
levels.

No evidence exists to suggest that a release of hazardous materials occurred at these sites as
a result of historical site-related activities. All the cancer risks were well within acceptable
limits. The HI estimate values greater than a value of 1.0 were all from inorganic chemicals
that were detected in groundwater and soil. The inorganic chemicals in groundwater were
from particulate matter in the water samples, which could not be avoided due to the natural
conditions of the shallow water table in this area of the island. The potential sources of
contamination near the former Main Operations Area have been removed. No further
investigation or remedial action for the soils or groundwater is necessary for the protection
of human health or the environment, based on an analysis of available soil and groundwater
sample results and pertinent information for these sites. Therefore, the selected remedial
alternative for the soils and groundwater at these sites is NFA. No additional sampling or
monitoring of the soils or groundwater will be necessary because the site-related conditions
at these sites are protective of human health and the environment. As a result of the NFA
alternative, no further groundwater monitoring will be required for CERCLA.

12.1 SWMU 5 – Former IRFNA/MAF-4 Disposal Site
SWMU 5 is in the vicinity of the former NASD near Magazine Building 422. SWMU 5 is
a location where, in 1975, approximately 7,000 lbs of fuel were emptied from leaking AQM-
37A target drones into a low spot in a road near Building 422. The fuel contained 5,275 lbs of
IRNFA and 1,775 lbs of MAF-4, which were emptied into an intermittent stream. No COPCs
related to the disposal of IRFNA/MAF-4 were identified in surface or subsurface soil. The
only COPC for SWMU 5, benzo[a]pyrene in surface soil, is not likely site-related and may be
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associated with migration of PAHs from the asphalt road or vehicle emissions to the adja-
cent ditch. The risks at SWMU 5 are within acceptable limits for maintenance workers,
industrial workers, recreational receptors, and residential receptors. No COPCs were
identified in the subsurface soil, thus there are no exposure pathways. SWMU 5 does not
present a health risk to current or future receptors.

12.2 SWMU 10 – Former Waste Paint and Solvents Disposal
Ground

SWMU 10 consists of an area of soil outside the Former Paint Locker, Building 4001, in the
Public Works Area of the former NASD. SWMU 10 was in use from the mid-1970s . Small
quantities (less than 1 gallon) of paints, solvents, and thinners which may have been
disposed of on the ground outside Building 4001 from approximately 1971 to 1990. Signs
were posted at SWMU 10 to restrict access until the CERCLA process is completed in the
surrounding area.

Five metals (arsenic, chromium, manganese, thallium, aluminum, and iron) were selected as
COPCs. The cancer risks and HI values are within acceptable limits for maintenance
workers, industrial workers, construction workers, recreational receptors, and residential
adult exposure. For a residential child, the HI slightly exceeds the target value, primarily
from iron in surface soils. However the target organ-specific cumulative HI is less than 1.0,
thus no exceedence is noted for future child exposure scenario. Iron concentrations in
surface soils are within the range of background concentrations found at the former NASD.
Therefore, any health hazard that may be estimated in SWMU 10 soils from iron is not site-
specific.

12.3 SWMU 14 – Former Wash Rack
SWMU 14 is immediately west of the Transportation Shop (Building 2016) in the Public
Works Area and had been in use from the late 1970s until December 2000. The area is a
concrete driveway with 4-inch-high curbs on each side and ramps on each end, measuring
approximately 20 ft long by 10 ft wide. The area was used primarily for cleaning Navy
vehicles. The concrete bermed area drained into an OWS prior to discharge to an open ditch.
A swale at the end of the unit facilitates the discharge of runoff water to the ditch, which
eventually discharges to the Atlantic Ocean. The OWS associated with SWMU 14 was
removed in December 2000. Field testing of soils during the removal activities indicated no
evidence of contamination. A chain-link fence and signs were installed around SWMU 14
and will remain in place until the CERCLA process is completed for the surrounding area.

COPCs selected for SWMU 14 included six metals (aluminum, arsenic, iron, manganese,
thallium, and vanadium) in surface soils, metals aluminum, iron, and thallium in subsurface
soil, and one pesticide (dieldrin) in groundwater. The cancer risks and health hazard effects
are within acceptable limits for maintenance workers, industrial workers, construction
workers, recreational receptors, and residential adult receptors. There is some slightly
elevated health hazard associated with ingestion of groundwater by an industrial worker
from iron. For a residential child, the HI exceeds the target value, primarily from iron in
surface soils and groundwater. However, iron is commonly detected at similar
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concentrations across the former NASD at most sites, and thus represents the site soil
mineralogy and groundwater suspended particles. A well upgradient of this site has higher
metals concentrations than the site well. This site does not present an excessive risk or
hazard to human health from site-specific conditions.

12.4 SWMU 15 – Former Waste Transportation Vehicle Parking
Area

SWMU 15 was a Navy truck parking area in the vicinity of the Transportation Shop in the
Public Works Area. The truck contained drums of a waste labeled as caustic D002 (EPA
code for corrosive waste). The drums allegedly contained napalm from NSRR. The truck
contained 55-gallon metal drums and overpack drums. The waste drums and transport
vehicle were removed from SWMU 15. A chain-link fence and signs were installed around
SWMU 15 and will remain until the CERCLA process is completed for the surrounding area.

Seven metals (aluminum, arsenic, chromium, iron, manganese, thallium, and vanadium)
and one SVOC (benzo[a]pyrene) were selected as COPCs for surface soil; five metals
(aluminum, antimony, iron, manganese, and vanadium) were selected as COPCs for
groundwater. The cancer risks and health hazard effects are within acceptable limits for
maintenance workers, industrial workers, recreational receptors, and residential adult
receptors. For a residential child, the HI exceeds the acceptable limit, primarily from iron in
surface soils and groundwater. There is no historical evidence to suggest any activities at
this site would have resulted in the release of iron to surface soils or groundwater. Similar
iron levels were detected in several other sites located within this area. The background
samples also had the same metals at similar concentrations. The cancer risks and HI
estimates are within acceptable limits for maintenance workers, industrial workers, and
recreational receptors, the hazard to future residents were above a value of 1.0 from metals
in soil and groundwater. Iron concentrations in surface soils and groundwater are within
the range of background concentrations found at the former NASD. Groundwater samples
had high turbidity, resulting in particulate-bound metals being measured as water
concentrations. The dissolved metals levels are similar in background levels and site well
concentrations. Therefore, this site is recommended for NFA due to the absence of
unacceptable risks to human health, and the observed metals concentrations that are similar
to background levels.

12.5 AOC B – Former Wastewater Treatment Plant
AOC B is the former WWTP in the former Main Operations Area. The WWTP served as the
primary treatment system for the former NASD. The WWTP consisted of one aeration tank
and one separation tank with two blowers to supply air for biological treatment. Effluent
from the former WWTP drained into a series of four lagoons, which has no discharge point.

Six metals (aluminum, arsenic, iron, manganese, thallium, and vanadium) were identified as
COPCs surface soil. The cancer risks and health hazard effects are within acceptable limits
for maintenance workers, industrial workers, construction workers, recreational receptors,
and residential adult receptors. For a residential child, the HI slightly exceeds the target
value, primarily from the iron in surface soils. However, iron levels are similar to the
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background soil iron levels. Therefore, any health hazard that may be present in AOC B
soils is not site-specific. Due to the absence of site-related risks, AOC B is recommended for
NFA status.

12.6 AOC C – Drainage Ditch at Former Transportation Shop
AOC C is located in the Public Works Area near the former Transportation Shop. Two
drainage ditches near the shop routinely handled stormwater runoff during rain events. An
oily sheen was observed in one of the ditches during a visual site inspection in 1988. Also
located in this area is a septic tank that collects wastewater from one sink inside the
Transportation Shop.

Only metals were selected as COPCs in surface soil (aluminum, arsenic, iron, manganese,
thallium, and vanadium), subsurface soil (aluminum, iron, and thallium), and groundwater
(aluminum, chromium, iron, manganese, and vanadium). The cancer risks and health
hazard effects of these metals are within acceptable limits for maintenance workers,
industrial workers, construction workers, recreational receptors, and residential adult
receptors. For a residential child, the HI exceeds the acceptable limit, primarily from iron in
surface soils and groundwater. Therefore, due to the absence of unacceptable human health
risks that are specific to the site, AOC C is recommended for NFA status.

12.7 AOC F– Former UIC Septic Tank
AOC F is near the Enlisted Men’s Club in the Public Works Area. The septic tank has a
capacity of 1,500 gallons. A preliminary investigation in July 1997 identified several metals
present at concentrations that exceeded the applicable screening criteria. This site was
further investigated in the Expanded PA/SI investigation.

Metals selected as COPCs included aluminum, arsenic and iron in subsurface soils and five
(aluminum, antimony, chromium, iron, manganese, and vanadium) in groundwater. The
health HIs were greater than target value of 1.0 for an industrial worker, residential adults,
and residential children due to iron in groundwater. Metals concentrations (particularly
dissolved metals) are similar to background groundwater concentrations. Due to the
absence of contamination above the background levels, and the absence of human health
cancer or non-cancer hazards, the site is recommended for NFA.

12.8 AOC K – Former Water Well
AOC K consists of one 8-inch-diameter well completed to 69 ft bls northeast of the barracks
in the Public Works Area. The well was utilized for potable water supply between 1941 and
1979, but has since been abandoned. The AOC K well was rehabilitated in 1997 as part of an
water well investigation conducted by the USGS at the former NASD. The well was
resampled in 2000 for benzene, ethylbenzene, toluene, and xylene, and none was detected.

Six metals (aluminum, barium, iron, manganese, thallium, and vanadium) were selected as
COPCs for groundwater. The health hazard effects are within acceptable limits for an
industrial worker. There is some slightly elevated HI associated with residential adult
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exposure to thallium in groundwater but it is within the range of acceptable health effects.
For a residential child, the HI exceeds the acceptable limit, primarily from thallium and iron
in groundwater. However, thallium was detected only in upgradient wells, and is
associated with the high turbidity in groundwater samples. Thus, it represents site-specific
background levels or turbidity in the groundwater samples. Iron concentrations in
groundwater are within the range of concentrations found across areas upgradient of sites
with no known hazardous waste activities (i.e., uncontaminated areas) of the former NASD;
these may be the result of a widespread presence of this and other inorganic metals in
Vieques Island soils, which may be suspended in water samples. Therefore, any health
hazard that may be present in AOC K groundwater from iron or thallium is not related to
the former water supply well. No benzene was detected. Therefore, the site is recommended
for NFA.

12.9 AOC L – Abandoned Septic Tank
AOC L consists of a 25-ft by 40-ft concrete septic vault with separate compartments near the
beach north of the Public Works Area. It is suspected that the vault was used in 1941 for
treatment and disposal of installation sewage. The vault has been out of service since 1942.
There are no indications that the vault was used for industrial purposes.

Four metals (aluminum, arsenic, iron, manganese) were selected as COPCs for surface soil
and subsurface soil. The cancer risks and health hazard effects are within acceptable limits
for maintenance workers, industrial workers, recreational receptors, and residential adult
receptors. For a residential child, the HI is equal to the target value of 1.0, primarily from
iron in surface soils. However, iron concentrations are within the range of background
concentrations, and there is no reason to suggest that iron is a site-related COPC. This site
does not present an unacceptable risk to human health, therefore was recommended for an
NFA.

12.10 Areawide Groundwater Evaluation – Former Public Works
Area

Groundwater samples were collected from several sites within former Public Works Area
that include wells installed to investigate groundwater at six of the nine sites identified
within the Main Operations/Public Works Area of the former NASD, and these sites
include SWMUs 14, 15, AOC C, AOC F and AOC K. The wells from the five NFA sites
included in this NFA are evaluated in this section to determine area-wide groundwater
quality within the PWA area and also to determine the potential exposure related risks from
potable use of the area groundwater. The shallow water table in this area is not of adequate
producing capacity to serve as a potable source, as observed during well monitoring at
different sites during the two phases of PA/SI. Thus this evaluation is primarily for a
comparison purpose, at the request of the reviewing agencies, EPA and EQB on the draft
NFA report review.

The cancer risks from groundwater in shallow water table are within acceptable limits for
industrial workers, and future residential receptors. Metal concentrations detected in
shallow groundwater resulted in hazard indices above acceptable limits. The primary
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contributor, thallium, is from the upgradient wells to AOC K. Thus it is upgradient of all the
sites within the Public Works Area, and is not specific to any of the sites. Secondary
contributor is the iron, which is similar in concentration to the background levels, and found
across the area in many wells. Additionally detected metals were elevated in background
and site wells due to turbidity in the samples which could not be avoided due to the nature
of low yield aquifer occurring in this area. Observed metals are from suspended soil
particles in water samples, though sampling following the EPA protocol. Dissolved levels of
all the metals are within the acceptable limits. None of the chemicals from site wells are
above MCLs.
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TABLE 12-1
Recommendations for Nine Sites
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Site ID Description COPCs

Unacceptable
Human Health

Risk?

 Are COPCs
Site

Related?

SWMU 05 Former IRFNA/MAF-
4 Disposal Site

Benzo(a)pyrene No NA

SWMU 10 Former Waste Paint
and Solvents
Disposal Ground

Aluminum, arsenic, Chromium, iron,
manganese, and thallium

No No

SWMU 14 Former Wash Rack Aluminum, arsenic, chromium, iron,
manganese, thallium, vanadium, and
dieldrin

No No

SWMU 15 Former Waste
Transportation
Vehicle Storage
Area

Aluminum, arsenic, chromium, iron,
manganese, thallium, vanadium, and
benzo(a)pyrene

Yes No

AOC B Former Wastewater
Treatment Plant

Aluminum, arsenic, iron, manganese,
thallium, and vanadium

No No

AOC C Drainage Ditch at
Former
Transportation Shop

Aluminum, arsenic, iron, manganese,
thallium, and vanadium

Yes No

AOC F Former UIC Septic
Tank

Aluminum, antimony, arsenic, chrom-
ium, iron, manganese, thallium, and
vanadium

Yes No

AOC K Former Water Well Aluminum, barium, chromium, iron,
manganese, thallium, and vanadium

Yes No

AOC L Abandoned Septic
Tank

Aluminum, arsenic, iron, and
manganese

No No

Areawide
Groundwater

Groundwater as
Single Unit under
Public Works Area

Aluminum, antimony, barium,
chromium, iron, manganese, thallium,
vanadium

Yes No
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TABLE 12-2
Risk Summary
NFA Report for Nine Sites, Former NASD, Vieques Island, Puerto Rico

Receptor
Site
Risk SWMU 05 SWMU 10 SWMU 14 SWMU 15 AOC B AOC C AOC F AOC K AOC L

Combined
Groundwater

Maintenance Worker ELCR 8.7E-08 5.2E-07 2.2E-07 3.1E-07 6.0E-08 1.4E-07 NA NA 1.3E-07 NA

HI 0 0.021 0.027 0.025 0.020 0.020 NA NA 0.017 NA

Industrial Worker ELCR 4.2E-07 2.5E-06 1.6E-06 1.5E-06 2.9E-07 6.7E-07 NC NC 6.3E-07 5.6E-07

HI 0 0.10 0.13 0.77 0.088 0.43 1.3 1.5 0.08 1.8

Recreational Adult ELCR 2.2E-07 1.1E-06 4.8E-07 6.9E-07 1.3E-07 3.0E-07 NA NA 2.8E-07 NA

HI 0 0.044 0.057 0.052 0.041 0.041 NA NA 0.035 NA

Recreational Child ELCR 2.9E-07 2.1E-06 9.0E-07 1.2E-06 2.4E-07 5.6E-07 NA NA 5.3E-07 NA

HI 0 0.36 0.47 0.42 0.35 0.35 NA NA 0.30 NA

Construction Worker ELCR NA NC NC NA NC NC NC NA 4.8E-08 NA

HI NA 0.14 0.24 NA 0.25 0.23 0.26 NA 0.17 NA

Residential Adult ELCR 4.6E-07 3.1E-06 2.8E-06 1.8E-06 3.6E-07 8.4E-07 NC NC 7.9E-07 1.5E-06

HI 0 0.14 0.20 2.1 0.13 1.1 3.7 4.3 0.11 5.0

Residential Child ELCR 9.6E-07 7.1E-06 3.9E-06 4.0E-06 8.2E-07 1.9E-06 NC NC 1.8E-06 8.8E-07

HI 0 1.2 1.6 6.0 1.2 3.6 8.7 10.1 1.0 11.9

ELCR = Excess Lifetime Cancer Risk

HI = Hazard Index

NA = Not Applicable NC = No carcinogenic COPCs identified
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Data Screening Tables
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Risk Assessment Data Tables
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Appendix E
Detailed Risk Assessments for Each Site











































































Appendix F
Analytical Resampling Data for AOC K
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Toxicity Profiles for Chemicals with

Provisional Toxicity Factors
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